




‘ISTRIAL 


IN 
EARCH........ 


RE 








now monthly! 


can you 


afford 
government 


ReaD 
contracts? 





THE TECHNICAL MAGAZINE FOR MANAGEN 





™\ Machines converse at 
By bundreds fo} mm dalelet-t-lalet— 
ro) Mi o}h tM ol -1am-1-lelolales. 














4728 6341109023172 
6167 512973400536 











2 


™~ - Fon 


ji 


a 


‘ t fy ~Jd4 Ly rN » 2 wa aS 1, fy ry Cc 
/¢ fOU LOMMINUTNCAaltlons 


. & 7 


works wonders in letting machines 
talk “person to person” 


s entering a new era—one to transmit large volumes of business data—to 

business opera control other machines at remote points — to 
ements in electronics observe and supervise operations and processes 
from a central station Ind the same system 


l semultaneously for te le phone and 


iscd 


machines to converse ove 
ive ot their own. 
/ f pe. 
' } } 
‘ in video, VOICE ind data ° . . 
Lenkurt Electric is working in close alliance 
ms, Lenkurt Electric is work : ' , 
with the telephone industry, railroads, pipeline 
i field of 
companies and electric utilities in the utiliza- 
tion of microwave and carrier communications 
to cut costs and increase operating efhciencies. 


Lenkurt Electric Co., Inc., San Carlos, Calif. 


LENKURT ELECTRIC 


Subsidiary of 
GENERAL TELEPHONE & ELECTRONICS 


Specialists in VIDEO, VOICE and DATA TRANSMISSION 





THE COVER depict the deadly game of chess 
being played over our planetary checkerboard 
by the “reds”’ and the “whites”’ anew game 
these days because the weapons are rockets 
instead of queens, taking their places beside 
conventiona kings and pawn Outcome of the 
game is questionable hecause the rockets have 
unrestrict wvement they fly ” and it’ 
hard to ( he players could have 
gotten ti | uch a situation. 
roduces a serve 
iISSiUeé on the role oT 
“Can You Afford 
first ar- 
ke a hard 
editions for 
s are not 
tough, and 
chance 
Yet, the rewards } eat. and if fou? 
firm seeks governme? rh be sure to read 
“How to Get Government Ce = rt issue. 
This business of res } ) the feu 
industries gre inded } fomorrou 
often turns up some rll far-reaching con- 
siderations. One such : scribed herein by 
famous scientist and novelist Arthur C. ¢ larke, 


t step in human 


who asks whethe? 
’ , ’ ‘cm 
evolution won iT a mechanica one. T he 


Evolutionary Cycle 
GOVERN °° ee eae, 
carries the theme 
further than we've 
before, into a synthesis 
of man and machine 
RE Another kind of synthesis, the putting 
together of organic chemicals to make 
food, is described by the 
SEARCH National Bure au of 
Standards’ Dr. Archibald 
T. McPherson. 


McPherson claims “if it grows, we can make 
it.” and if the world population continues 


exploding at the present rate, we had better. 


A new dimension in manufacturing research. 
is explained in the article “Planning Tomor- 
row’s Production Lines.”’ And another of our 
frequent articles on organizing research, Gen. 
Leslie E. Simon's “Spectrum Theory,” views 
all applied science from research to production 
as a continuous spectrum that can be admin- 
istered by a single management. 

Incidentally this is the second issue of 
Industrial Research to be published monthly. 


55,000 copies of this issue printed. 
Circulation audited and verified. 
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Industrial Research is dedicated 
to reducing the time lag 
between invention and 
production. It seeks to do this 
by informing technical 
management 

of new scientific developments 
and their profitable applications 
in all fields of industry. 
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articles or art. Do not send manuscripts with- 
out query. Answers to queries are prompt 
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Address the editor for permission to reprint 
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Look to Westinghouse for Silicon Power Transistors 


2N2109 


with lowest saturation resistance 


* 
LSR — 037 Lowest saturation resistance ratings in the in- 
a dustry enable design engineers to obtain three- 


fold increases in power-handling capability. Now—with these higher per- 
formance specifications you can replace germanium units and gain the 
silicon power transistor advantages of reduced heat sink size... . higher 
allowable ambient . . . improved control range . . . and upgraded reli- 


ability in almost all circuits. 





Cos Typical 


Ree (SAT) 





2N1809-2N2109 series 30 A 





50-200V 037 





2N1015-2N1016 series 7.5A 





WX118 series 10A 





30-200V 25 
50-150V 22 

















2N1809-2N2109 series. New 30-amp 
“Rock-Top” transistors . . . world’s 
most powerful! With 30-amp, 200-volt, 
250-watt ratings these newest Westing 
house series 2N1809 and 2N2109 tran- 
sistors are designed to meet the most 
exacting high power applications. Ger- 
manium-level saturation resistance 
(.037 ohms), and freedom from sec 
ondary breakdown mean highest effi 
ciency and operating reliability. 


WX118 series. World's highest gain 
power transistors provide current 
gain of 400 at 10 amps! New West- 
inghouse Type WX118 high-gain silicon 
transistors simplify circuitry, increase 
reliability, reduce cost of assembly 
They're ideal for application in high 
power, high efficiency regulators, in- 
verters and switching circuits. Satura- 
tion resistance is only 0.22 ohms. 


2N1015-2N1016 series. Highest re- 
liability from production-proved 150 
watt designs. Get maximum circuit re- 
liability at no extra cost by specifying 
the Westinghouse 2N1015-2N1016 se- 
ries. These popular transistors have 





*Lowest Saturation Resistance 


been field-proven in thousands of oper- 
ating equipments. They can replace 
lower rated transistors (2N1489- 
2N1490, 2N1069-2N1070, 2N389 and 
others), and give you up to twice-the- 
power derating margin. In addition to 
the exclusive rating characteristics of 
these transistors, you get greater as- 
surance of performance reliability from: 
e True voltage ratings. Westinghouse 
transistors can be operated continu- 
ously at their full published ratings 
into highly inductive loads. True Volt- 
age Ratings are verified by 100% 
Power Testing 
100% Power Testing. Each Westing- 
house transistor is 100% Power Test- 
ed before leaving the plant. Tests are 
conducted over the full operating 
range—under all conditions of base 
bias and collector current at maxi- 
mum rated dissipation. 
For more information or technical as- 
sistance, see your nearest Westinghouse 
representative or write: Westinghouse 
Electric Corporation, Semiconductor 
Department, Youngwood, Penna. You 
can be sure... if it's Westinghouse. SC-1054 
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Denver 4, Colo /TA 5-8257 
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FEEDBACK from technical management 


Fuel cells 


~ 


Zubay and Shultz are to he 
on an excellent job of 
he tivities that pres 
carried out tn the fuel 

No. 4). This is one 

f the subject 

en for some time. I 
vitt ome of the con 
authors but this 
ynal opinion. For 
feel that the use of a 
package to generate 
as in individual homes 
concept. However, I do 
labor this point 
Everitt Gor 
Process Researcl 


Consolidation Coal Co 


; of your article on “Fuel 

ve done a capable job of sum 
the current state-of-the-art 
active research area. It may 
norance of the particular item 
It the sections on the “Direct 
al” on page 24 are not too 


H. E. Morris 
T ec hnical Director 
Vonsanto Research ¢ orp 


I am enclosing some comments that 
prepared by 

fT ifter they had read the article 
Fuel Cells 
Wh not 


ian applications of the regenera 


member oft our 


mention some morée 
fuel cell? In the near future when 
enerative hydrogen-oxygen cell 
perfected, it could be used for tel 
lighting 
railroad signal 
e and car lighting 


¢ emergency 

appliances 

mine lamps 
iircralt starting 

Che statement that the thermally 

nerative cell constitutes a heat 

ne and is limited by the Carnot 

true but should be qua 

to J. B. Friauf (in 

of Thermally Regen 

J. App. Physics, Vol 

20, April 1961). the 

can only be attained 

1 thermodynamic prop 

| cell reaction is equal 

is not equal to 


will be less than 


for the use ol 
rather than conven 

s the better resistance 

to high temperatures 

0 to 300 } 

f completeness, the 

ve mentioned the EOS 

nerative fuel cell which 

acid and makes use 
centration difference be 


tween two electrodes. It is regenerated 
by evaporating water from the con 
centrated side and condensing it on 
the dilute side 

». I believe the Sundstrand Corp 
has dropped their development of the 
nitrosv! chloride cell 

6. The Redox” principle is not 
fully explained as he has presented 
only one-half of the principle. The 
other half consists of the reaction be 
another redox 
couple such as bromine/bromide or 
ferrous/ferric 


tween air (O,) and 


4. M. Zarem 
President 
Electro-Optical Systems, Inc 


Isotopic power 


Si 


Dr. Crompton’s article on “Isotopic 
Power™ (Vol. 3, No. 4) is exceptionally 
It should appeal to both 
laymen and people experienced in the 


field. It is refreshing to see an article 


well written 


vritten by an expert in a particular 
field that would be clear and under 
standable to the non-expert 

I heartily recommend the article to 


all personne! involved in power supp 


problems as an excellent source of in 


formation on this new and extreme 


promising development. I believe that 


imaginative engineering can develop 

many uses for isotopic power supplies 

that will utilize their economic proper 

ties. Furthermore nh developments 

vards utiliza 

tion of the waste products generated 
in the nuclear power field 

C. M. Doede 

President 

Quantum Inc 


would go a long v 


Sir 


Dr. Crompton has done an excellent 
job in reviewing the development and 
potential of this unique energy source 

S. L. Fawcett 
Manager, Physics Dept 
Battelle Memorial Institute 
Sir 


Isotopic Power” is a very well pre 
sented discussion of a most interesting 
and opportune subject 
expert 


written by an 


Joseph H Hayne s 
Isotopes, Inc 


Thermionics 
Sir 

The article oa “Thermionics” (Vol 
3, No. 4) presents a substantially ac 
curate picture of the status of this 
field. It is quite true that the success 
of this field depends heavily on the 
development of materials that have 
appropriate characteristics at the un 
usually high temperatures required of 
Some of the effort at 
General Motors Research Labs. is de 
voted to this aspect of the problem 

One class of devices not mentioned 
in the article are those that utilize 


these devices 
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noble gas plasmas. Our laboratory has 
investigating the use of 
gases in an_ application 
nuclear radiation generated 
This type of plasma also can be 
auxiliary electrical 
have demonstrated 
illustrates that in a new field 
thermionic conversion, 
variety 


such 
involving 


been 


plasmas 
gen 
means 
This just 

such as 


erated by 
which we 
there is a wide 
of new research problems that 
develop from an initial concept 

As today we see.a variety of tran 
out of the re 
search on the initial concept, tomorrow 
should see a variety of thermionic 
verter devices developed from the re 


sistor devices that grew 
con 


search now being carried on 
L. R. Hafstad 
Vice-President 
General Motors Research Labs 
Sir 
The article on “Thermionics” is a 
well written general interest paper. It 
should have included the Russian work 
(N. D. Morgulis and D. M. Marchuck, 
Ukrainian Phys. J., 2, 359, 1957), which 
predates the American work on cesium 
converters. The magnetic 
generally considered inoperable and is 
thus given too much emphasis 
Karl G. Hernquvist 
David Sarnoff Research Center 
RCA Laboratories 


triode is now 


Sir 
Research 
thermionic converters au 
John Welsh and the late 
Joseph Kaye is by far the best we have 
for the technical you wish 
Your headline indicates that 
application depends on a breakthrough 
in materials technology. At Boeing, the 
emphasis on research is on single crys 
tal refractory 
duced 


The Industrial 
article on 
thored by 


Summary 


seen level 


to reach 


metals as emitters. Re 

sublimation and _ higher 
power densities are anticipated 

D. W. Exner 

Power Generation & Distribution Sec 

Physics Tec hnology Dept 

The Boeing Co 


rates 


Solar machines 
Sir 

The article on “Solar Machines in 
(Vol. 3, No. 4) is very well 
and technically sound. One point 
which might have been further em 
phasized is that, up to the present, 
the solar cell array has been the only 
practical energy conversion system for 
space flights. I think your readers will 
find this article informative, particu 
larly those not actively engaged in this 
field of research 


Space” 
done 


Carl L. Meyer 
Advanced Development 
and Materials Research 

Delco Radio Div 
General Motors Corp 


Supervisor, 


Sir 

The solar article is very well written 
and quite accurate. It is unfortunate 
that the author has used the word 
‘Somor’ to designate the concentrating 
device, because this also is the name of 
the Italian solar-powered water pump, 


MINIATURIZATION 
PLUS LOWER COST 


Thin Versatile 
Co-Netic and 
Netic Magnetic 
Shielding Foils 


Permit positioning foil-wrapped components A & B closely, 
minimizing interaction due to magnetic fields ... making 


possible compact and less costly systems. 


How thin Co-Netic and Netic foils lower your mag- 
netic shielding costs: 
1) Weight reduction. 
because foils (a) are only 


Less shielding material is used 
.004” thick and (b) cut and 
contour easily. 

2) Odd shaped and hard-to-get-at 
readily shielded, 
tooling costs. 


components are 


saving valuable time, minimizing 


These foils are non-shock sensitive, non-retentive, re- 
When grounded, they 
effectively shield electrostatic and magnetic fields over 


a wide range of intensities 


quire no periodic annealing. 
Both foils available from 
stock in any desired length in various widths. 


Co-Netic and Netic foils are successfully solving many 
types of electronic circuitry magnetic shielding prob- 
lems for commercial, military and laboratory appli- 
These foils can be your short cut in solving 
magnetic problems 


cations. 


Cuts readily to any shape with 
ordinary scissors 


Wraps easily 
aA y 
hy 


Inserts readily to convert 
existing non-shielding 
enclosures 


Shielding cables reduce 
magnetic radiation of 
pickup 


Wrapping tubes prevents 
outside magnetic 
interference 


ROTECT VITAL MAGNETIC TAPE 


When accidentally exposed to unpredictable magnetic fields, presto! — your valuable 


data is combined with confusing — or even erased. 


distortion-free protectix V jable magneti 
transportation or storage > > mult 
Enclosures ava in‘m 


ae | 


For mmpiete 
during 


Neti 


tapes 
Rigid 
5 and shapes 


ple reel 
any ynve ant sizes 


Rigid Neti 
Material are r 


a: 
cted 


bumping) 
annealing 


Write for 
further details 
today. 


MAGNETIC SHIELD DIVISION PER 


ORIGINATORS OF PERMANENTLY EFFECTIVE NETIC CO 


INDUSTRIAL RESEARCH—NOV, 1961 9 


ae 


pliable foil wraps easily 
nd magnetic tape, maintain 
riginal recorded fidelity 


wi 


shock (including dropping or 
n-retentive, requires no periodic 


ECTION MICA CO. 
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These Springs MUST Work! 
Associated Spring Makes Sure 
with STEREOZOOM MICROSCOPES 


hese atomic reactor emergency shutdown springs, made by the B-G-R 
Division of Associated Spring Corp., must work in case of trouble 
[That's where Bausch & Lomb StereoZoom Microscopes come in. Their 
vid 3-dimensional magnification detects any irregularity in the uni 
chromium-plated finish seeks out tiny nicks and gouges that 

ld cause malfunction. Each of these ‘scram springs” must be per 
fect and B&L StereoZoom microscopy helps make sure 
These unique microscopes find trouble before it starts by giving 
you today’s widest range of observation of your work with long, unob- 
A turn of the Zoom knob 
provides any desired magnification within the instrument’s wide range, 


5X through 120X 


bright, detailed images, in natural 3-D 


+? 


structed, free working distance (up to 7 in 


And at every magnification you see sharp, 
for critical observation 
at's easy on the eyes 

Chere is a broad selection of B&L StereoZoom Microscope models 
meet all your inspection and assembly needs. It will pay you to find 


out how they can help 


BAUSCH & LOMB INCORPORATED make sure” in your pre 
81313 Bausch St., Rochester 2, N. Y. 


cision operations. 
ataiog | 
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which is used to some extent through 
out the Mediterranean countries. It 
may be that Mr. Oman was not aware 
of this, or that there is some other 
reason for using the name, but it cer 
tainly creates confusion in the minds 
of those who are familiar with solar 
energy technology. 

On page 64, the statement is made 
that Mouchot of France ran the first 
solar heat engines in 1870. Actually, 
John Ericsson undoubtedly preceded 
him by a number of years, perhaps as 
many as 12, because he was running 
solar engines of both the steam and 
the hot air types in the early 1860s 
Ericsson should receive credit also for 
the thousands of engines which were 
mentioned on page 68, since they were 
built from his designs 

The figure $350,000 is used for the 
cost of enough silicon solar cells to pro 
duce one kilowatt of electric power in 
bright sunshine. My Japanese friends 
will sell all of the cells we could possi 
bly want for $100 a watt, rather than 
the $350 per watt figure used here, but, 
even so, the author's point is perfectly 
correct. 

John I. Yellott 
President 

John Yellott Engineering 
Associates Inc 


Magnetohydrodynamics 
Sir: 


Dr. Sodha has given a reasonable 
elementary discussion of the MHD 
generator (Vol. 3, No: 4). 

I find myself surprised by his state- 
ment on page 57, “Breakthroughs were 
announced almost simultaneously by 
the Space Sciences Laboratory of Gen 
eral Electric Co., Philadelphia; Avco 
Everett Research Laboratory, Everett, 
Mass.; and Westinghouse Research 
Laboratories, Pittsburgh. Current ef- 
forts undoubtedly were spurred by the 
advent of the space age.” The fact of 
the matter is that the present great 
interest in this work was entirely 
stimulated by our efforts 


Arthur Kantrowitz 
Vice-President 
Avco Corp 
Sir: 

I do not feel that the statement 
on page 60 in the “Magnetohydrody- 
namics” article, regarding the current 
trend of research toward hardware, is 
entirely accurate. I can from personal 
knowledge say, for example, that the 
program of the Advanced Research 
Projects Agency certainly does not fall 
into this category. Also, I do not be- 
lieve that the author has mentioned 
the possibility of non-equilibrium situ- 
ations in which one can obtain con 
siderable higher conductivity at most 
reasonable gas temperatures 

John Huth 
The RAND Corp 


Thermoelectricity 
Sir: 


The “Thermoelectricity’’ article 
(Vol. 3, No. 4) is most inier: sting for 
executives and management men in 





fields not close to the thermoelectricity 

product line. It is a good understand 

ing of the practical side of thermo- 
electric devices 

Amasa Pratt 

Manager, Techniques Dept. 

The Martin Co 


English channel tunnel 
Sir 
Your comprehensive story of the 
English Channel tunnel (Vol. 3, No. 
3) was, of course, of great interest to 
the writer; however, since it was so 
comprehensive, I was sad that my 
early planning efforts thereon, a bridge 
—had never come to your attention 
Incidentally, in reading your article 
I learned for the first time than an- 
other of my earliest plans—a Sub- 
Aqueas Floating Bridge — for the 
Golden Gate crossing, had been in some 
aspects envisioned in 1869 for the 
Channel crossing. The Russian tech- 
nical magazines were greatly interested 
in my plan. One of them had five pages 
of. drawings and data on it as of 1935, 
and their chief bridge and railroad en- 
gineer visited and corresponded with 
me 
Your readers should be interested in 
my new breakthrough in metropolitan 
transportation, the Zero System, which 
doesn’t need a tunnel (or subway) but 
can be used either as a_ smaller, 
cheaper subway or as a new form of 
“painless” elevated. 
Cleve Shaffer 
President 
Shaffer Engineering Co. 


General feedback 
Sir: 

The publication of significant and 
authoritative articles that set a field 
of research in true perspective is a 
worthy enterprise for a journal like 
Industrial Research 

James L. Lawson 

Manager, Electron Physics Research 

General Electric Co. 
Sir 

We would like to take this oppor- 
tunity to congratulate you on the ex 
cellent job you are doing in keeping 
us all informed with the latest up-to- 
minute developments of the space age 

John P. Armstrong 
Chief Engineer 
Ordnance Research 
& Development Co 
Sir 

The Attorney General found the 
June-July issue enlightening and was 
pleased to note that Industrial Re- 
search will be monthly beginning with 
the October issue. The article on “Liv 
ing in Space” alone indicates that the 
Attorney General will receive many 
useful ideas from your magazine 
There is no question that an under- 
standing of new developments in sci- 
ence is of extreme importance to men 
in Mr. Kennedy's position 

Edwin Guthman 
Special Assistant 
for Public Information 
Department of Justice 
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hone Laboratories, mathematician Sidney Darlington 


buted notably in developing the art of circuit analysis 


the mind for it works through concepts, symbols and 
analyz and ynthe ize the complex phenome na of the 


in many ways to advance electrical communications: 


iT IS CALLED MATHEMATICS 


mission which may some day carry huge 
amounts of information in waveguide systems 

. foretold the feasibility of modern quality 
control ...led to a scientific technique for de- 
termining how many circuits must be pro- 
vided for good service without having costly 
equipment lie idle. 

In the continuing creation of new devices, 
technologies and systems, Bell Laboratories 
utilizes whatever serves best—mathematical 

mathematical ap- analysis, laboratory experimentation, simula- 

new knowledge. For tion with electronic computers. Together 

led to the invention of the electric they assure the economical advancement of 
disclosed a kind of wave trans- all Bell System communications services. 


BR! —— TELEPHONE LABORATORIES 


NTER OF MMUNICATIONS RESEARCH AND DEVELOPMENT 
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by Melvin Mandell, /-P} contributing editor 


can you 
afford At least 60% of the money 


spent in this country each 


y rm m nt year on research and 
90 C C development comes 
out of the U.S. treasury. 


“ g f) Significantly, this amount 
covers proportionally more of the 


) ? 
contracts Ma. EV Wl litiacctatey is) mast 


technically top-heavy demands 

of government contracts, a recent 
survey showed that 75% of the 
nation’s active electronics engineers 
work on equipment for the government 
although this hardware 

represents only 60% of the 

electronics industry’s dollar volume. 


most advanced fields. 


Much of this R&D work has 
potential commercial applications. _ 
Most company officials, of course, 

are well aware that many of 

today’s important industries and 
products are outgrowths of 
government-funded research. 

Just consider the great examples 
from World War II: atomic energy, 
jet engines, radar, the mass-production 
of antibiotics, the jeep, 









the aerosol insecticide bomb, and dozens of lesser- 
known products. 
Offshoots of government R&D spending 

Although we are not in a shooting war, the 
swords-into-plowshares evolution has not abated 


Reading machines, hydrofoil ships, and infrared 


instruments are three prime examples of potentially 
important lines of commercial products that are re- 
cent offshoots of current government R&D spending: 

# Machines that read and record numbers and 
letters up to a hundred times faster than a human 
will cut the cost of putting great masses of infor- 
mation into high-speed computers 

At least four of the companies that are building 
or plan to build commercial reading machines have 
gained knowhow in this field by performing R&D for 
various branches of the government. Baird-Atomic 
Inc., 33 University Rd., Cambridge, Mass., built a 
machine for the Air Force (for $600,000) that reads 
Russian technical journals into an IBM translating 
computer. Control Instrument Co., a subsidiary of 
Burroughs Corp., built an experimental machine for 
the Signal Corps under a $385,000 R&D contract 
that reads typewritten messages into communica- 
tion circuits at the rate of 750 words a minute. 
Philco Corp. currently is working on a research 
contract from the U.S. Post Office to develop a 
reading machine that can sort letters with type- 
written addresses by states. A Philco executive 
1dmitted that the company won’t make any money 
on the contract, but the company didn’t go after 
the job to make a profit 

Even the leader in this field, Farrington Manu- 
facturing Co., Needham Heights, Mass., was bol- 
stered by building a new type of machine for the 
Air Force. The Intelligent Machines Research 
Corp., now a Farrington subsidiary, already had 
built and installed seven commercial machines that 
read only numbers, when it received a $327,000 
contract from the Air Force Research & Develop 
ment Command for a machine that would read 
letters and punctuation marks as well. 

IMC delivered the “Print Reader MX2021” to 
the Air Force in June, 1959, two years after it 
received the contract. A year and a half later, the 
company introduced its commercial “page reader,” 
which it frankly admits to be an outgrowth of the 
experimental Air Force machine 
A billion-dollar business in 5 years 

Yeading machines as computer input devices are 
only one example of how the government is stim- 
ulating the technology of high-speed data-process- 
ing. Besides these machines, which could generate 
“a billion-dollar business in five years” (according 
to Jacob Rabinow, president of Rabinow Engi- 
neering Co., Washington, D.C.), the Department 
of Defense is pushing development of other “peri- 
pheral” computer equipment and of the central 
unit, the computer itself. 
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gw Vost management men feel 





that to stay in the research 
swim their companies must go 
fishing for government R&D 
contracts. However, there is 
another side to the question: 
government contracts are not 
directly profitable, competi- 
tion is tough, and cancellation 
chances are extremely high. 
This article is the first in a 
series describing the govern- 
ment’s role in our nation’s 
$14-billion expenditure for 
industrial research ...In the 
next issue, IeR will feature 
... How to Get Government 
R&D Contracts” and “Will 
the Department of Commerce 


Really Back Basic Research?’’ 





This powerful stimulus has resulted in a strange 
situation in which the computer industry is tech- 
nologically five years ahead of its commercial cus- 
tomers. While the situation may not be comfortable, 
it’s a lot better than being five years behind the 
needs of the market. 

s Hydrofoil ships provide another example of 
swords-into-plowshares research. Much of the 
American hydrofoil technology that eventually will 
create fleets of these fast, low-flying ships was 
generated under government sponsorship. Because 
they take the sea-sickness out of rough-water pass 
age, they will find widespread commercial use as 
ferries to off-shore islands and for commuting into 
our great port cities. 

For a decade the Navy has sponsored theoretical 
studies and the construction of experimental hy- 
drofoil-equipped ships. The most important R&D 
project from a commer¢ ial point ot view, however, 
is the H. S. Denison. A 104-ft hydrofoil boat, the 
Denison was built in a hangar by Grumman Aircraft 
Bethpage, N.Y., and hauled 
through the streets of Long Island towns to the 


Engineering Corp., 


Sound (see photo on page 17). Now the experimen- 
tal $5-million craft is being outfitted at a boatyard 
on Long Island Sound preparatory to sea trials 
early next year. 


The Denison was constructed under a $1.5 


i to many 


Popular Ele 
a chapter 

published by Re 

l of Eng neering 

Columbia Un ers 














million R&D contract from the Maritime Admin- 
istration. Grumman and the many component and 
material suppliers are making up the other $3.5- 
million. General Electric Co. is accepting only $1 
for adapting an aircraft jet engine as the main 
propulsion unit. 

Of course, Grumman and the supplier companies 
cooperating on the project hope to make up their 
investment through commercial orders. Already 
Grumman has received a contract from a Florida 
ship operator for hydrofoil ferries similar to the 
Denison to operate between Florida and the Ba- 
hamas. One obstacle: the contract is automatically 
cancelled if the Denison doesn’t perform as 
expected. 

Low bids may be an investment 

Another company investing a lot of its own 
money in an experimental hydrofoil, over and above 
t&D funds from the government, is The Boeing Co 
The big aircraft and missile manufacturer is build 
ing the 110-ton PCH for the Navy for $2,080,000 
Boeing has not revealed how much of its own money 
is being sunk into the hydrofoil craft, but the sum 
must be considerable if the smaller Denison will 
cost $5-million. A Bureau of Ships official told 
INDUSTRIAL RESEARCH that he was “very surprised 
at the lowness” of Boeing’s bid 

Besides the two vessels described above, the Navy 
is inviting bids on a 300-ton sub destroyer. While 
the hulls and foils are the major components to be 


developed for these revolutionary ships, other key 


elements, such as power plants and electronic con- 
trol systems, will be needed. For instance, the 
Bureau of Ships has entered into a “joint agree- 
ment” with the Pratt & Whitney Aircraft Div. of 
United Aircraft Corp., East Hartford, Conn., to 
modify the J-75 jet engine into a power plant for 
hydrofoil ships. The designation “joint agreement” 
implies that the Navy isn’t going to pay Pratt & 
Whitney very much, if anything, for the research 
and engineering involved. 

s Infrared instruments provide a third example 
of military projects with industrial application. The 
military is spending hundreds of millions of dollars 
for “passive” detection systems that intercept the 
heat or infrared rays given off by everything. The 
Army wants to detect foot soldiers on moonless 
nights; the Air Force hopes to spot intercontinental 
missiles. 

Two companies that successfully have converted 
technology gained in government work into com- 
mercial infrared products are Servo Corp. of Amer- 
ica, 111 New South Rd., Hicksville, N.Y., and 
Barnes Engineering Co., 30 Commerce Rd., Stam- 
ford, Conn. Servo has developed the hot box de- 
tector for railroads. Mounted beside the tracks (see 
photo on page 17), the device detects dangerously 
overheated journal bearings on the axles of railroad 
freight cars. (All passenger cars are equipped with 


INDUSTRIAL RESEARCH—NOV, 1961 





roller bearings rarely subject to catastrophic fail- 
ire.) Dozens of railroads have purchased one or 
ore of the $20,000 systems. The motivation to 
buy is simple: hot boxes cause wrecks costing 


TY 


ions of dollars a year 


lil 
Barnes Engineering developed an infrared camera 


or the Army that also has many civilian applica- 
tions. Since the exposure time of this unusual 
camera is very slow compared to cameras that 
detect visible light, it can “photograph” only mo- 
tionless objects, such as men, vehicles, and tanks 
standing still 

Peacetime applications are varied. Because the 

umera responds to minute differences in tempera- 
ture, a Canadian surgeon believes that the camera 
can detect cancers and infections lying close to 
the skin. Such malignancies are slightly warmer 
than normal tissue. 

The infrared camera also has many industrial 
ipplications (see photo on page 18). For example, 
by photographing the outside of an open hearth 
furnace, it can tell where the refractory bricking 
wearing thin on the inside. 


Simple inventions wanted 

[hese three examples refer to sophisticated 

machines. It is important to remember that the 
overnment isn’t interested only in big, complex, 
expensive systems. While the lion’s share of federal 
research funds is aimed at such exotic hardware 
is satellites, spaceships, and nuclear-powered ve- 
hicles, there remains a huge hunger on the part of 
the military and other government agencies for 
simpler equipment and new materials. Here’s a 
sampling from the latest Inventions Wanted by the 
Armed Forces and Other Government Agencies that 
should have immediate and profitable commercial 
ipplis ation: 

= Methods to prevent snow or ice accumulation 
on runways, taxiways, and ramps. 

s A reliable way to determine incipient failure 
of the life remaining in dynamic components such 
as gears and bearings so that premature removal 
for inspection and tear-down may be avoided 

s A lightweight, reusable, leakproof tube fitting 
for high-pressure fluids 

s Low-vapor-pressure lubricants and greases cap- 
ible of resisting prolonged exposure to vacuum 
conditions 

s Plastics or other types of very thin, inexpensive 
coatings for mild steel for use in distillation equip- 
ment as protection against sea water corrosion 
[hey have to be long-lasting at temperatures up 
to 300 F. (R&D funds for devices that convert sea- 
water into fresh water could increase sharply in 

) 

« A sealing method and transparent sealing tape 
that could be used in solar stills and have long life 
inder outdoor weather conditions. 

s A device that can sense the difference between 





snow, rain, hail, and sleet, and feed an appropriate 
signal into an electronic system. 

s A simple, inexpensive device for recording the 
maximum and minimum values reached by a gal- 
vanometer since reset. 

s A method for instantaneous measurement of 
mass flow rate in a liquid propellant transfer line. 

s A simple means of determining blood pressure 
in any part of the body without entering the body. 
(Such a device, applicable only for cerebral areas, 
that fits like a pair of goggles over the eyes, has 
been built by The Decker Corp., Bala Cynwyd, Pa.) 

2 A bird repellant to keep birds off the tracks 
during rocket sled runs. It must not interfere with 
the functions of the sled, track, or any associated 
equipment, and should not kill the bird. (What a 
godsend for “gingerbread” encrusted buildings.) 

It is obvious that government-sponsored research 
and development covers practically the entire spec- 
trum of technology today. This situation leads to 

TRANSPORTATION, whether by aircraft (left), ship (above), only one conclusion. In the words of a top expert 
or railroad (below), has had an enormous push toward in the field, Dr. Lawrence Bass, vice-president of 
civilian use by government spending. The model of an Arthur D. Little Inc.: “Some companies feel obliged 
advanced aircraft inlet air duct at left is undergoing tests to take R&D contracts as a defensive move to keep 
a sad ated of 150.000 feat ina huperveoriyy | __abreast of ‘developments ina classified field of 
The model ia seen through ¢ camere observation porthol interest to the company. 

in a vacuum tank portion of the 120-ft-long tunnel, Of course, no company really is forced to go after 


as air streaks by at Mach 20 (about 15,200 mph). R&D contracts, despite strong inducements to do 
The H.S. Denison, shown above being hauled through the 


' so. It is still possible to examine the pros and cons 
treets of Long Island towns to the Sound, is a 104-ft 


 O) > of doing research for one or more of the government 
hudrofoil hoat built in a hangar by Grumman Aircraft 


The $5-million « rperime ntal craft, u h ich ha ¢ civilian agencies and make a decision on the basis of what 
app ication as acommuters’ vehicle for close-to-water cities. 1S best for the company. 


is to begin sea trials early next year. ‘ 
; : The disadvantages of government contracts 

Another pro ect that has converted government-gained : 

pole dae successfully into commercial pr oduct is Servo Here are the disadvantages: 


aL 


rared “hot box detective system,” shown belou s Profits are low. The primary incentive for en- 
cans the trailing surfaces of passing journal bores tering into any business should be the opportunity 
: , to make a profit. Unfortunately, this is the poorest 
ation obtained hy the scanner is stored ina e : . 

sant re ; , inducement in the government R&D business. Max- 

puter; if a hot box is spotted, the information ; ; Pape) 
: radioed automatically to the train crew. imum profits are severely limited by law, while the 
chances of taking a loss are great. Government 


, , , , 
ot the overheated journal bearings (hot bores 


auditors are very strict in allowing costs to be 
charged against contracts. They often disallow what 
businessmen consider normal costs of operation, 
such as entertainment and advertising. 

What’s more, even if the company makes a profit 
on every contract it receives, it may lose money 
on its entire government R&D business. Costs of 
presenting technical proposals to the government 
and of preparing bids are high and getting higher 
all the time as projects become more complicated. 
A low rate of success in bidding could wipe out 
any profits. 

To make matters worse, the chances of bidding 
successfully on contracts are declining as competi- 
tion gets tougher every year. Some companies 
charge that some giant firms, particularly in the 
aircraft industry, knowingly take R&D contracts 
at a loss in order to break into a fast-growing 
technical field. 


INDUSTRIAL RESEARCH—NOV, 1961 47 





ion chances are high. Even if a com 
is successful in obtaining a contract, there’s 
ys the strong possibility of the government 
ing the contract, or simply running out ol 
or the project, or failing to appropriate funds 
yntinue the project beyond the original fiscal 
Cancellation clauses usually are generous 
to protect the company from dollar loss, 
do not compensate for wasted time and 

of scarce technical talent 
the objections, there are sound reasons 
go after R&D contracts. Here 


llow R&D con- 

One of the keys to obtaining potentially 
rofitable production contracts is to develop a pro 
type first under an R&D contract. If the military 
r federal agency needs the equipment in a 

yr if it decides that the company has unique 
hnical capabilities, it will dispense with the time 
iming bidding process and negotiate the con 


with the company that developed the 


‘lectronics Corp. is one example of a 


1} 


illy oriented company that has been emin 


ul in defense work through advanced 


work. President Leon Alpert claims that the 


company’s success in obtaining produc 
cts is close liaison with the military. By 

iware of defense needs and perhaps 
ig them, Loral is able to work in advanced 
ire not too competitive and in which it 


contracts on a negotiated, more 


may be retained. The major 
research business with the 
the retention of commercial pro 

hts on any patents granted 
rtunately, these rights now are threatened 
nic Energy Commission and the National 
cs & Space Agency traditionally have re 
hese commercial rights, as prescribed in the 
brought them into being. Certain Con 
ind defense officials today are active in 
o modify DOD regulations so that the 
t retains commercial rights on military 

is well 

John McClellan (Democrat, Ark.) has in 
i bill that would give the United States 
tle to any invention developed under a 
ernment contract. Another bill with a similar 
ve has been introduced by Sen. Russell Long 
ocrat, La.) These bills have been backed by 
well-known scientists and engineers, mainly 


th universities 


Furor over patent legislation 
Needless to say, industry is horrified at the pos- 
ibility that such bills will be passed. Even though 
lar bills have been introduced in years past and 


INFRARED TECHNIQUES, used in military 


The 


} ab fo provide an accurate record 


tire hody for arctiu 
as industrial 
photographing the outside 
Ou to tell where parts 
on the inside. 
| infrared pl otograph abo SC. 

hades of gray indicate colder areas 
arde pl oto above is a conventional one 


mparison Thermocouples are taped 


chest, n iddle finger, 


datoe to monitor critical body te mperatures 


; 


tent surrounding the subject 


fs air moveme nt 


rouse one new infrared camera 


é oped for the irmy 


; 


yonds to minute differences in temperature, 


a Canadian surgeon claims to he able 


; 


é 


% } 
» detect skin cancers and infections lying 


to the skin. Such malignancies 


lightly warmer than normal tissue. 





failed to pass both houses of previous Congresses, 
industry has been mustering its heavy “articulary”’ 
against the legislation. The National Assn. of Man- 
ufacturers, the Manufacturing Chemists Assn., and 
the less-well-known Strategic Industries Assn. have 
all sent spokesmen before Congressional committees 
to denounce the bills 

Industry spokesmen claim that the technical pro- 
gress of the nation would be impeded seriously if 
industry could not retain commercial rights. They 
point to the slow progress of atomic energy in the 
U.S. as proof of their position. Although they don’t 
claim that atomic energy would be competitive with 
fossil fuels if the AEC hadn’t retained commercial 
rights, they contend that more progress would have 
been made. 

In support of this position, an officer of one de- 
fense contractor, Perkin-Elmer Corp., has admitted 
that his company refuses to take on any AEC or 
NASA contracts that might have eventual com- 
mercial applications. 

Industry spokesmen insist that no one would 
benefit from government retention of commercial 
rights. They point out that few companies would 
be willing to license these rights on the indicated 
non-exclusive basis when they know that many 
others can do the same 

Industry is counterattacking by giving solid sup- 
port to other pending bills that would change AEC 
and NASA patent regulations to conform with the 
more liberal rules of the Department of Defense. 

Despite the furor over various contending bills, 
it appears likely that none of them—either sup- 
ported or opposed by industry—will be passed by 
this Congress. But that won’t discourage the en- 
emies of a liberal commercial patent rights arrange- 
ment from trying to upset the DOD’s present 
position. Will they have more success in future 
Congresses? 

‘We lost money, but it helped us recruit!’ 

s Defense contracts provide an opportunity for 
recruiting better research workers. Right after the 
first U.S. astronaut made his historic flight into 
space, a vice-president of Motorola Inc. told the 
author that he didn’t know if his company made 
any money on the parts of the space capsule that 
it supplied, but that participation in the program 
was a big aid in recruiting. 

Young PhD research men just out of the univer- 
sity nearly always ask if the company participates 
in any advanced fields, according to this executive. 
Even if these young men are not specifically prom- 
ised an opportunity to work in the advanced fields, 
they favor the companies that do. 

Unfortunately, if the company is not heavily in- 
involved in space and other exotic programs, it is 
likely to lose these young professionals to other 
companies. Hopefully, however, technical graduates 
will be mature enough to accept whatever respon- 


sibilities are assigned to them and not seek an 
elusive glamour elsewhere. 

s Government work provides the opportunity to 
build a more well-rounded, viable laboratory. One 
of the lesser fringe benefits of government R&D 
work is the opportunity to hire researchers in 
greater number and quality. 

Many fields of commercial research do not justify 
hiring a full-time professional. But if some govern- 
ment research work is obtained in the same special 
fields, a company may be able to hire researchers 
on a full-time basis that it could not afford other- 
wise. 

Expensive instruments may be acquired on the 
same basis. With a government contract in the 
house, the company can buy or lease a valuable 
instrument and then rent time on it to its com- 


mercial research projects. Similarly, a larger library 


with more professional library aides or a more com- 
plete model shop can be justified. 


Scientists are social creatures 

The opportunity to increase the size of a labora- 
tory can be important. While large laboratories call 
for high administrative skills, a very small research 
lab can suffer from the inability to create a proper 
intellectual atmosphere. The addition of govern- 
ment research contracts often permits a small com- 
pany to expand its necessarily small laboratory to 
a scope that promotes a more stimulating by-play 
of ideas among professionals. Despite the legend of 
the lone genius, scientists are very much social 
creatures. 

s Government work offers an entree to “invita- 
tion-only” technical conferences. To stimulate tech- 
nical advances in areas of special interest, the Army, 
Navy, and Air Force sponsor special technical con- 
ferences. Attendance usually is secured by invita- 
tion only and limited to the employes of defense 
contractors working in that area. In many instances 
the conferences are classified and, therefore, open 
only to people with security clearances. 

The right to participate in these conferences and 
also to obtain copies of classified research reports 
may be one of the prime intangible fringe benefits 
for companies that perform research for the govern- 
ment. To be denied access to these rich sources of 
information actually could take a company out of 
contention in some crucial technical area. 

Each company must decide, on the basis of these 
factors, whether to go after government R&D con- 
tracts—and how many it can afford to take on. 
Performing research for government agencies offers 
substantial benefits, balanced by considerable risk 
and nearly constant aggravation. As long as the 
U.S. continues to struggle with communist nations, 
so much of our technological progress will be geared 
to national needs that few research-oriented com- 
panies will be able to avoid performing research for 
the government—even at an apparent loss. s 
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@ The major problem facing science and technology today is 
Supplying sufficient and adequate food for the world’s explosive 
increase in population. This increase, at a rate unprecedented in 
the history of mankind, has come about largely through advances 


in sanitation and through the elimination of infectious diseases. 
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@ The great reduction of the death rate has not been accompanied 
by a proportionate decrease in the birth rate. The population of the 
world has increased from 2.5-billion in 1950 to 2.7-billion in 1955, 
and 2.9-billion in 1960. United Nations experts estimate that the 
population will grow to 3.8-billion by 1975 and 6.3-billion by 2000. 
@ The current surplus of food in the United States, viewed in the 
perspective of history, is an unusual and transitory phenomenon. 


by Dr. Archibald T. McPherson, |p, most other parts of the world a great deal of attention is being 


associate director, 


given to means of increasing the supply of food. New crop lands 
National Bureau of Standards 

are being opened up; yields are being increased by better seeds, 

improved cultivation, and the extensive use of synthetic fertilizer; 

the ocean’s harvest is being stepped up; losses of food from plant 

and animal diseases and parasites are being checked; and better 


methods of transporting, storing, and preserving food are being 


instituted. These and other measures are bringing about a signif- 
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The total energy represented by the food consumed by all the 


people of the world amounts to only about 13 


wood, and wate r power. These mate rials, 


icant increase in the world’s supply 
of food, and undoubtedly will con 
tinue to do so in the critical years 
ihead. Even with the large increase 
in population the per capita produc 
tion of food in the world, exclu 
sive of mainland China, was 72 
higher in 1959-60 than in 1953-54 


Agriculture is inadequate 


he increase in food production, 
however, cannot keep ahead of the 
increase in population for many 
years. New crop lands and increases 
in yields have definite limits; under 
the law of diminishing returns, the 
production of food by agriculture 
will approach a limit asymptotically 
The population, on the other hand, 
is increasing at an accelerating rate 
ind the profound social forces nec 
sary to effect a large decrease in 
birth rate will be slow in coming 
ibout. There is no present prospect 
that the world population can be 
kept within the limitation of the 
food supply that can be provided by 
igriculture. The situation is ren 
lered doubly serious by the fact 
that the peoples of the emerging 
nations of Asia even now are under 
fed and undernourished 
In the face of the approaching 
ilternative is to continue 
id only on agriculture. But 
n with maximum agricultural 
the inevitable shortages 
of food can lead only to major war 


risis. one 


production 


ma tarvation, or both 

The other alternative is to mobi 
lize the world’s scientific and engi 
neering resources for an operation 
of unparalleled but not impossible 
magnitude in the chemical produc 
tion of food by direct synthesis and 
the use of biochemical methods 
potential raw materials ars 
lable in abundance, this opera 
tion can lead to such a great im 
provement in quality and increas« 
in quantity of food that it not only 
could meet the present emergency 
it also could usher in a new era 
f civilization in which man increas 
ingly would be freed from his de 

pendence on plants and animals 
Prior to the advent of agriculture 
ome 9,000 years ago, the earth was 
populated with only one or two 
people to the square mile in the 
more favored regions. The total pop 
ulation of the world probably was 
of the order of one million. The 
development of agriculture permit 


ted a great increase in population 
so that several hundred people could 
subsist on a square mile of fertile 
land. Agriculture has 
present civilization possible 

Yet the fact that agriculture has 
served man so well during the past 
9,000 years is no reason why he 


made our 


should continue to depend solely on 
it. The development of man-made 
food holds promise of as great an 
advance in civilization as that which 
was brought about by the discovery 
of agriculture 


if it grows, we can make it 


Chemistry can make as great a 
contribution to civilization in the 
next hundred years as agriculture 
did in the preceding 9,000. This 
bold statement is based on the fact 
that the chemist already has pro 
duced from non-living materials 
most if not all of the substances 
essential to human nutrition. Fur 
thermore, some of these substances 

notably a number of vitamins 
and two of the essential amino 
already are being manufac 
tured in relatively large tonnages 

Other products, once available 
only from plant or animal sources, 
such as dyestuffs, resins, plastics, 
rubber, and fibers, now are synthe 
sized in wide ranges of kinds and 
types. These synthetic materials are 
either 


acids 


competitive with or have 
largely displaced the natural prod 
ucts 

In general, chemists can make 
any substance that can be grown 
by plant or animal, and often can 
produce it more quickly and at 
lower cost than the natural prod 
uct. Furthermore, natural products 
often are limited in availability, but 
synthetic materials can be made in 
quantities limited only by demand 

In the United States at least 99% 
of dyes are made synthetically, and 
about 97 of resins and plastics 
In 1960, 73°7%, of soaps and deter 
gents were synthetic, up from 59% 
About 69°7 
of new rubber used in the United 
States in 1960 was synthetic as 
compared with 42% for 1955. Natu 
ral rubber still leads on a world 
wide basis, however, with about 
25%, of the current total consump 
tion 


five years previously 


The accomplishments of the syn 
thetic chemist already have contrib 
uted significantly to the world food 


supply by freeing valuable crop 
lands that otherwise would have 
been used for growing alizarin, in- 
digo, rubber, and the like. For ex 
ample, the land that would have 
been required to grow the 1,778,000 
metric tons of rubber used in 1960 
would produce food for about 20 
million people by present Asiatic 
standards 

A vast amount of experimental 
work has been done in separating, 
identifying, and synthesizing the 
constituents of food, and in deter- 
mining the role of each in animal 
and human nutrition. Studies with 
both animals and human subjects 
have shown that it is possible to 
provide an adequate diet entirely 
from synthetic materials. The es- 
sential substances, however vita 
mins, amino acids, fats, carbohy 
drates, colors, and flavors differ 
widely in ease of synthesis and 
availability 


Man-made vitamins 


The commercial production of vi 
tamins has been a prime target for 
manufacturers because they offer a 
large return for the production of 
a relatively small quantity of mate 
rial. A considerable proportion of 
the vitamins now on the market are 
made synthetically, and cost from 
$6 to $36 per kilogram (2.2 Ibs 

The most expensive vitamin, per 
unit weight, is vitamin By at $45 
per gram ($1,275 per ounce) for 
USP. This price, which has held for 
the past six months, is less than half 
what it was a year ago. But in 
spite of the high cost per unit 
weight, the daily requirement per 
person at the wholesale rate is less 
than two hundredths of a cent, be 
cause only two to four micrograms 
is needed 

Vitamin C, or ascorbic acid, prob 
ably is made in the largest tonnage 
of any of the vitamins. At the cur 
rent market price of $6.35 to $6.60 
per kilogram, the daily requirement 
per person of 75 milligrams would 
cost only 1/20th of a cent 

The effect of continued research 
on the production of vitamins is 
shown by the general reduction in 
price in recent years. In 1953 
production in the United States 
amounted to 2.1-million kg at an 
average price of $36.80 per kg, 
while five years later production 
was 4.4-million kg, and the price 





pe rece vit of all energy obtained from oul, coal, gas, 


then. can feed the world. 


was only $17.83 per kg. Thus 
production approximately doubled 
while price per unit quantity was 
cut in half 


All 22 amino acids 
have been synthesized 


All 22 of the amino acids that 
go to make up plant and animal 
proteins have been synthesized 
Particular attention has been paid 
to the eight amino acids that are 
termed essential because they are 
necessary to support life — valine, 
leucine, isoleucine, threonine, me- 
thionine, phenylalanine, lysine, and 
tryptophane. 

Lysine and methionine are made 
in quantity for use as food supple- 
ments. Lysine is used as a supple- 
ment to the proteins in wheat, and 
currently is employed in bread and 
cereals as well as in feed for poul- 
try and swine 

An article in April, 1959 esti 
mated the market for lysine was 
about 100,000 lbs a year, and pre- 
dicted a 50-fold increase if the price 
could be reduced from $6 a pound 

the price at that time) to $1.50 
or $2 a pound. It turned out, how- 
ever, that the market increased even 
without a reduction in price since 
the price was $10 a pound at the 
end of 1960 and had fallen only 
to $6.95 for the monohydrochloride 
in mid-1961 

The principal use of methionine 
seems to be as a supplement to soy- 
bean protein in the feeding of swine 
and poultry. The feed grade of DL- 
methionine currently is quoted at 
$3.15 a kilogram, and the pharma- 
ceutical grade at $9.92 a kilogram. 
By the use of methionine and other 
supplements it is now possible to 
produce 3-lb broilers with 25% less 
feed and in two weeks less time 
than formerly. 


SCIENTIFIC 
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Fats and carbohydrates 


The fats and the corresponding 
fatty acids in food products have 
been identified and synthesized. The 
availability from natural sources is 
such that fatty acids containing the 
higher numbers of carbon atoms, 
such as lauric, palmitic, stearic, and 
oleic acids, are produced commer- 
cially from plant or animal fats. 
Only the fatty acids containing the 
lower numbers of carbon atoms are 
made synthetically. 
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unsaturated fatty 
been found essential in 
the feeding of animals, particularly 
ind arachidonic acids. How 
insufficient 
is to human requirements 
ential fatty acids 

Che simpler 
tained in food—particularly glucose, 
lactose, and sucrose—have 
een synthesized, but they are cur 
rently so readily available from nat 
iral sources that synthesis for com 


Certain highly 
icids have 


inoiel 
eve! 


there 1s, as yet, 


cle nee 
carbohydrates con 


levulose 


} 


mercial purposes has not been con 
sidered. However, the production of 
glucose by the hydrolysis of cellu 
lose has been investigated exten 
said to have been 
employed under wartime conditions 
ior m iking food 


vely ind 1S 


problem in making 
edible carbohy 
other plant 
the problem 
of purifying the cellulose and uti 
lizing the lignin and other non 
products to make the 
feasible 

readily and 
quantitatively converted to glucose 
by simple acid hydrolysis 


The major 
glu ose or other 


lrates 
products is primarily 


from wood or 


ce llulosi« 


ec onomically 


proce SS 


Pure cellulose is 
Glucose 
made in this way would be charac 
terized as “manmade,” rather than 
is synthetic, in keeping with the 
nomenclature for rayon 
ind other fibers made from cellulose 


1c’ epted 


Colors and flavors 


Most of the colors and flavors 
used in the food processing indus 
tries as well as those sold for house 
synthetically 
can be produced in 
greater variety and more cheaply 
than from natural sources 

To the discriminating taste, some 
of the synthetic flavors do not ex 
actly match the natural flavors be 
the major constituents 
have been synthesized. It would be 
possible to add all of the minor 
constituents and thereby duplicate 
natural flavors exactly, but the av 
erage consumer probably would not 
be willing to pay the added cost 
In 1957 the production of colors 
ind flavors in the United States was 
more than 45-million lbs at an aver 
age price of $1.38 per pound. 

The color and flavor of food, 
while highly important, is nothing 
compared to the importance of se- 
curing an adequate supply of pro 
teins for growth and maintenance 
of the body, and fats and carbohy 
drates for energy 

The body requires the essential 
amino acids of proteins in a definite 
proportion which may differ consid- 
erably from the proportion of these 
amino acids in the proteins of foods 


hold use are made 


because they 


cause only 


RESEARCH—NOV, 1961 


Hence, if any one 
deficient, it limits the utilization of 
the whole, and a human being could 
starve to death in 
essential nutrients if only 
one should de 


United States is far 
that in Oriental 


also must be taken of 
difference in 
the fact that Asiatic peoples have 
a lower basal metabolism than Euro 
‘ans 


amino acid is 


an abundance of 
a single 


be lacking completely 


This is the well-known law of the 
minimum which was first 
ated by 


enuncli 
Justus Liebig 

The daily caloric intake in the 
greater than 
countries 3,000 


more calories as compared with 


2,000 to 2,300. This difference is due 
in part to a much more liberal diet 


the United States, but account 
a significant 


body weight and of 


Calories for a million people 


In order to indicate the scope 


and magnitude of the synthetic in 
dustry 
feed the increasing population of the 
world 
pal materials that would be required 
to feed a million people for a year 
have been listed below 


that would be required to 


the quantities of the princi 


ANNUAL DIETARY ALLOWANCES FOR A MILLION PEOPLE 


Carbohydrates to supply 75% of calories 

Carbohydrates to supply 60% of calories 

Fats to supply 25% of calories 

Fats to supply 40 f calories 

Proteins 

Vitamins 
Ascorbic acid 
Vitamin A 
Vitamin B,, 
Vitamin D 
Niac in 
Riboflavin 
Thiamin 


irradiated ergosterol 


EDIBLE MUSHROOM 


These amounts have been derived 
from the recommendations of the 
Food & Nutrition Board of the 
National Academy of Sciences, Na 
tional Research Council. For sim 
plicity, use has been made of the 
of the quantities recom- 
mended for adult men and adult 
women, and allowances for miner 
als, trace elements, and some vita 
mins have been excluded. The 
amounts for a total population 
would, of course, differ from those 
given in the table because of the 
different requirements for children 
and the aged. The figures given in 
the table are for an American popu 
lation and are significantly greater 

perhaps a third greater—than for 
an Oriental population 


average 


26,500 tons of protein 


The item in the table of greatest 
significance is the 26,500 metric tons 
of protein, which would be equiva 
lent to approximately the same 
quantity of amino acids. The dietary 
allowance from which this amount 
of protein was computed was based 
on the assumption of an average 
dietary protein which is deficient in 
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205,300 
164,250 
30,400 
48,700 
25,550 


metric tons 
metric tons 
metric tons 
metric tons 
metric tons 


kilos 
million units 
grams 
million units 
kilos 

kilos 

kilos 
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some of the essential amino acids 
If, however, the amino acids were 
supplied in the optimum proportion 
for utilization by the body, the 
quantity probably could be cut in 
half 

Fats required would amount to 
30.400 to 48,700 metric tons, de 
pending on whether 25% or 40% 


of the calories of the diet are to 
be derived from fat. The higher 
percentage of fat would correspond 
approximately to the Western diet, 
while the lower would probably be 
above that in Asiatic diets 
Carbohydrates would be needed 
in the largest quantity of any of 
the materials 164,250 to 205,300 


IDEAS AND APPLICATIONS +5 


A Bonus from the Military 


Low cost helicopters for businessmen, completely dehydrated 
meals, and perishable food preserved without refrigeration are but 
a few of the benefits that taxpayers will derive from the billions of 
dollars being poured into research programs aimed at military 


defense. 


At a meeting of the Aviation-Space Writers’ Assn. in New York, 
Brig. Gen. Clifton F. Von Kann, Army aviation director pointed 
out that mass production methods required to supply the Army 
with more than 3,500 turbine-powered, four-passenger helicopters 
should mean that civilians can get one for less than $25,000 by 
1964. The helicopters can be used by businessmen, or as air taxis 
and commuter transports, or for farm chores. 


The Army Quartermaster Corps is working on a complete de- 
hydrated meal, ready to serve and eat after being mixed with hot 
water. The same unit is studying a method for preserving perish- 
able food without refrigeration. Instead of waiting for hours for 
a T-bone steak to thaw after storage in a freezer, the housewife 
will be able to reach up on the shelf and drop the steak into a 


broiler in a matter of minutes. 


An oral insect repellent guaranteed to chase away mosquitos 
and flies but go unnoticed by humans, is under development by 
the Army Medical Corps. Military scientists also are working on 
an oral drug to combat malaria and nitrogen mustard treatment 
of cancer. New plastic tubing that can replace torn arteries in 
arms and legs already has been developed. 7 


metric tons-_depending on the bal 


ance between fats and carbohydrates 


as sources of calories for supplying 
energy 

Vitamin requirements would be 
small in tonnage, and would not 
represent a significant fraction of 
the cost if they were distributed as 


additives in other foods. Should they 


be distributed separately, however, 
the cost of distribution probably 
would exceed the cost of production 

Mineral requirements are highly 
important for adequate nutrition, 
but they are not shown in the table 
because the minerals needed are 
readily available and represent only 
negligible cost. Like vitamins, mi 
erals could be distributed readily 
as additives 


There's food in the air 


The principal raw materials for 
the synthesis of amino acids would 
be petroleum or coal, nitrogen from 
the atmosphere, and sulfur from 
mineral sources. Nitrogen would be 
fixed as ammonia by combination 
with hydrogen, as is done now on 
a large scale in industry. The sup- 
ply of nitrogen thus is unlimited 

The petroleum that would be 
needed assuming two kilograms 
for each kilogram of amino acid 
produced — would amount to only 
one ten-thousandth of current pro 
duction. The sulfur required would 
be negligible in comparison with 
quantities used for other purposes 

The production of fats would re 
quire only petroleum or coal. Again 
the amounts needed would be small 
in comparison with the use of coal 
and petroleum for fuel. As a matter 
of fact, the total energy represented 
by the food consumed by the entire 
population of the world amounts to 
only about 13°; of all energy ob- 
tained from oil, coal, gas, wood, and 
water power 

The 205,300 metric tons of carbo- 
hydrate required per year for a 
million people on a high carbohy- 
drate diet could be produced from 
184,800 metric tons of pure cellulose, 
which in turn could be made from 
approximately twice that amount of 
wood 

This amount is small in relation 
to the wood available. The world 
production of roundwood is about 
1,670-million cubic meters, which is 
equivalent to 600- to 800-million 
metric tons. The current waste in 
cutting this vast amount of wood 
is probably of the same order of 
magnitude as the wood that is re- 
covered. Cellulose from this source 
could be converted to edible carbo- 
hydrate to feed millions of people. 

A rough estimate of $1 to $2 per 
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kilogram capacity per year would 
eem to be reasonable as the cost 

plant and equipment to synthe- 
ize food for a million people. On 
this basis, the capital outlay would 
be of the order of a quarter to half 
1 billion dollars (per million people 
capacity 

Such an expenditure is not over 
whelming. By way of comparison, 
new chemical construction in the 
United States currently is more than 
$3-billion per year, or six to 12 
times the rough cost estimate of 
facilities for producing food for a 
million people 

To extend this estimate to 50 
million people—the present annual 
increase in world population the 
cost probably would be considerably 
less than 50 times the amount for 
one million people, because of econ 
omies in increasing the scale of 
manufacture and in the replication 
of equipment 

The early implementation of a 
large-scale program of food produc 
tion such as proposed here would 
require the coordinated effort of ex- 
perts in nutrition, synthetic organic 
chemistry, chemical engineering, 
ind economics, with the advice of 
social scientists and support from 
the principal governments of the 
world 

4 great number and variety of 
problems are involved which, if pur 
sued at the present rate of investi 
gation, might be solved in one or 
two generations. Yet with full rec 
ognition of the present emergency, 
ind with adequate support in man 
power, materials, and funds, prac 
tical solutions of the more pressing 
problems could be found while pro 
duction was getting under way. 

Two major lines of inquiry need 
to be pursued—one in nutrition and 
the other in chemistry. In nutrition 
there is need for a great deal more 
quantitative research on the compo 
nents of an optimum diet as influ 
enced by age, sex, race, and previous 
nutritional history. Life and growth 
can be maintained by diets in which 
the proportions of proteins, fats, car 
bohydrates, vitamins, and minerals 
vary widely, but often more of some 
foods are consumed than otherwise 
would be necessary to obtain certain 
critical substances that are in lim- 
ited supply 

In this connection research is 
needed particularly on widespread 
lietary deficiencies in certain coun- 
tries since small additions to the 
diet, as in the form of amino acid 
supplements, might extend the pres 
ent food supplies even before major 
synthetic production can be accom- 
plished 
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The conduct of research in nutri- 
tion can be speeded up greatly by 
the application of modern statisti- 
cal methods which makes it pos- 
sible to study the effect of several 
different variables simultaneously 
Progress was often quite slow in 
much of the pioneer work on nutri- 
tion because only one factor was 


varied at a time, keeping all else 
constant. 

Methods of synthesis and the con- 
duct of pilot plant studies would 
have to be investigated in order to 
develop the most economical large- 
scale manufacturing processes. Par- 
ticular attention necessarily would 
be directed to the production of 


IDEAS AND APPLICATIONS +6 


Source Code Conference Technique 


Procurement of equipment spare parts at government-con- 
tractor conferences can be speeded with a novel application of 
closed-circuit television that enables conference members to view 
the same equipment drawing simultaneously. The new technique 
will save approximately $4,500 per meeting in preparation costs, 
time, and manpower requirements. 

The system was developed by the Logistics Engineering Com- 
ponent of the Heavy Military Electronics Dept., General Electric 
Co., primarily for Source Code Conferences held to determine 
equipment maintenance requirements. The closed-circuit tele- 
vision technique reduces the need for costly reproduction of 
hundreds of drawing prints and eliminates delays caused by 
circulating each print individually to conference members. 

During the meetings, which sometimes last six to eight weeks, 
drawings of all piece parts, assemblies, sub-assemblies, and com- 
ponents incorporated in the equipment are reviewed and appli- 


cable codes assigned. 


Equipment drawings are photographed on 35 mm film to stand- 
ardize their size and facilitate handling. The film is mounted in 
a punched aperture card for either manual or automatic filing. 
A modified commercial projector combined with a rear-view screen, 
accepts the aperture card and enlarges the microfilmed drawing 
to approximately an 18-in. image. The image then is televised by 
a remotely controlled camera and relayed by video coaxial cable 
to monitors positioned throughout the conference area. 7 





amino acids because of their criti- 
cal role in nutrition. Not only is 
it necessary to develop new and 
more economical methods of syn 
thesis, but practical means of pro- 
ducing the desired optical isomer 
must be discovered. 

Since the amino acid molecule 
is characterized by an asymmetric 
carbon atom, the synthesis of an 
amino acid from inactive material 
yields equal amounts of dextro and 
laevo forms. When this racemic mix- 
ture is used in feeding experiments, 
the isomer which occurs in natural 
protein, of course, is readily uti- 
lized, and some animals can utilize 
the unnatural isomer of some amino 
acids 

The human organism, however, 
cannot use the unnatural isomer 
very effectively, and with some 
amino acids it might even be harm- 
ful. Hence it would be necessary 
either to synthesize a racemic mix- 
ture and separate the natural iso- 
mer, or to employ biosynthetic or 
other as yet undiscovered means of 
producing the wanted isomer. 

L-lysine, now extensively used to 
increase the efficiency of the pro- 
teins in bread, is made both by a 
fermentation process with the use 
of microorganisms, and by chemical 
synthesis followed by the separation 
of the isomers. The latter process 


yields a product containing 95% 
L-lysine. 


The acceptance 
of manufactured food 


A secondary, but important, field 
in which research and development 
would be needed is organoleptics, 
considered broadly to include not 
only odor and taste but also color, 
texture, and consistency. The du- 
plication of the odor and taste of 
natural foods is difficult because the 
senses are extremely sensitive and 
vary widely from one person to 
another. 

Texture and consistency also are 
important in determining the ac- 
ceptability of foods. Fortunately, 
polymer science has uncovered the 
general principles for making sub- 
stances with different structures and 
molecular weights so as to be either 
syrupy, gel-like, elastic, tough, brit- 
tle, or fibrous, as desired. 

In addition to the development 
of a high degree of palatability, the 
successful introduction of synthetic 
food will require an educational 
campaign to present a correct pic- 
ture of human nutrition and to 
combat superstition and prejudice. 
In the United States, thanks to car- 
toonists, columnists, and science fic- 
tion writers, any mention of syn- 


thetic food immediately conjures a 
picture of food pills, despite the 
obvious fact that synthetic food 
would be required in the same basic 
quantity as natural food. 

Furthermore, it is necessary to 
combat propaganda of commercial 
interests and faddists who promote 
the long-outmoded theory that there 
is some vital property inherent in 
plant or animal products not pres- 
ent in the same substances when 
made by chemical synthesis from 
non-living materials. 


A synthetic food industry 


The development of a large-scale 
synthetic food industry would fol- 
low different patterns in different 
countries depending on the present 
food and population balance, agri- 
cultural capabilities, industrial re- 
sources, trade relations, and vari- 
ous other factors. In practically all 
countries, however, a first step is 
the production of amino acids, par- 
ticularly lysine and methionine, to 
provide a more adequate diet by 
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supplementing the incomplete pro- 
teins of the staple foods such as 
wheat, corn, rice, and millet. 

Vitamins also are needed as 
dietary supplements in many coun- 
tries, but the amounts required are 
relatively small in tonnage so it 
probably would be more economi- 
cal to produce the entire world’s 
supply in a few of the highly in- 
dustrialized countries and ship them 
where they are needed 

Some of the more advanced na- 
tions might find it adequate to pro- 
duce synthetic products for the en- 
richment of human diet and the 
more efficient feeding of farm ani- 
mals. At the other extreme, coun- 
tries which are experiencing acute 
population pressure might under- 
take simultaneously the production 
of amino acids, fats, and edible 
carbohydrates, and might expand 
the synthetic industry in a way 
that would most effectively supple- 
ment agricultural production. 

Some industrial nations now de- 
pendent on imports for much of 
their food supply might undertake 
to develop a well-rounded synthetic 
food industry that not only would 
render them self-sufficient, but also 
would provide a surplus for export. 


The future without agriculture 


The progress of synthetic organic 
chemistry in the past 100 years 
indicates that synthetic foods ulti- 
mately will be developed to the 
point where they can be produced 
in such large quantities at so small 
an expenditure of human effort that 
they will replace agricultural prod- 
ucts. The development will follow 
the same pattern as synthetic dye, 
resin, rubber, and fiber, which have 
replaced or now are rapidly replac- 
ing the same or similar materials 
formerly derived from plants or ani- 
mals. Already a number of vitamins 
and two critically important amino 
acids are being manufactured com- 
mercially. 

It is important that the world’s 
governments be informed of the 
enormous possibilities of synthetic 
food so that they can undertake 
and accomplish large-scale produc- 
tion in time to meet the approach- 
ing population crisis. In the brief 
span, historically speaking, of 9,000 
years, the practice of agriculture has 
made possible a thousand-fold in- 
crease in world population, at the 
same time providing the basis for 
civilization. The advent of a new 
and potentially much more efficient 
method of food production can per- 
mit a radical increase in world 
population, and may usher in a new 
era of civilization. w 
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alizarin — a reddish dye substance originally ob- 
tained from the madder plant, but now made from 
anthraquinine. One of the earliest known dyes, 
alizarin was synthesized in 1869 by Karl Graebe, 
of Germany, and William Henry Perkin, of England, 
within a few days of each other. The name alizarin 
came from Arabic words meaning “the juice.” 

amino acids — organic compounds formed by the 
reaction of water and proteins. Amino acids are the 
basic constituents of proteins, most important con- 
stituents of the living cell. Of the 22 amino acids 
that occur in most proteins, eight are essential to 
support life: leucine, isoleucine, threonine, valine, 
methionine, phenylalanine, lysine, and tryptophane. 
All of the 22 amino acids now have been synthesized. 


asymptote—a straight line that is the limit of a 
tangent to a curve, as the point of contact recedes 
indefinitely along an infinite branch of the curve. 
In the circle and the ellipse, where there are no 
infinite branches, there is no real asymptote. 
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cybernetics—the science dealing with the interre- 
lation between man and machine: the control and 
communication systems of the human nervous sys- 
tem and brain, as related to the mechanical-elec- 
trical communication systems of machines such as 
computers. MIT mathematician Norbert Wiener, 
acknowledged father of this branch of study, named 
it “cybernetics” from the Greek word for “helms- 
man. 


cyborg—a combined word (cybernetic organism) 
coined by Dr. Manfred Clynes and Dr. Nathan 
Kline, Rockland State Hospital, Orangeburg, N.Y., 
to describe a machine-animal. A cyborg is a body 
on which machines are hitched or built into to 
perform or modify some of the body’s functions. 


e—mc’—the mathematical equation for Albert 
Einstein’s special theory of relativity relating mass 
and energy. “E” represents energy in ergs, “m” 
represents mass in grams, and “c”’ represents the 
speed of light in centimeters per second. Einstein 
showed that mass and energy are interchangeable. 
The atom bomb is an example of the conversion 
of mass to energy. 


Explorer |—the first artificial earth satellite placed 
successfully into orbit by the United States on Jan. 
31, 1958. The satellite is 80 in. long, weighs 30.8 
lbs, and carries a payload of 18 lbs of scientific 
instruments. It is expected to stay in orbit for more 
than five years. The Van Allen radiation belt was 
discovered by the Explorer’s instruments. Advanced 
Explorer vehicles have been launched successfully 
in subsequent years. 

hydrolysis—a chemical reaction in which water acts 
upon another substance to form one or more en- 
tirely new substances. An example of hydrolysis is 
the conversion of starch to glucose by water in the 
presence of a suitable catalyst. 

indigo—a dark blue natural dye su'> .ance from the 
indigo plant. Indigo was synthe: ed in 1880 by 
German chemist Adolph von Baeyer, and the dye 
now is chiefly made synthetically from aromatic 
amino compounds. 


isomers—molecules which contain the same number 
and kinds of atoms but differ in structure. 


lignin—an organic substance related to cellulose, 
with which it forms the chief part of woody tissue. 


organoleptics—a scientific study oi the factors af- 
fecting or making an impression upon an organ or 
the whole organism, and embracing the senses of 
smell, taste, and sight. 


PERT — an acronym for Program Evaluation Re- 
search Test, which later was renamed Program 
Evaluation and Review Technique when the system 
became operational. PERT is an advanced manage- 
ment system using a statistical approach to provide 
program managers with instant accurate informa- 
tion in the achievement of program objectives. The 





PERT system originally was applied in 1958 by the 
Navy, Lockheed Aircraft Corp., and Booz, Allen & 
Hamilton. 

proteins — molecules which are the principal sub- 
stance of living cells. Proteins are composed of 
naturally occuring complex combinations of amino 
acids containing carbon, hydrogen, nitrogen, oxy- 
gen, and usually sulfur. The word protein is derived 
from a Greek word meaning “of first importance.” 


quantum theory—a theory, developed in 1900 by 
German physicist Max Karl Ernst Ludwig Planck, 
that radiation consisted of discrete bundles of en- 
ergy, just as matter was made up of atoms, and that 
the process of emission or absorp- 
tion of energy by atoms or mole- 
cules is not continuous but takes 
place by steps. Planck called the 
unit of radiation the “quantum,” 
a word derived from the Latin 
word for “how much.” Planck’s 
quantum theory eventually ex- 
plained the behavior of atoms, the 
electrons in atoms, and of nu- 


Vanguard II, a 20.7-lb satellite was launched Feb. 
17, 1959, in the first attempt to measure the earth’s 
cloud cover. Other Vanguard vehicles have been 
launched subsequently. 


vitamin—a constituent of food in its natural state, 
essential for the normal nutrition of animals. In 
1912, Polish-born biochemist Casimir Funk ex- 
tracted a compound from yeast that proved effective 
in combating beri-beri. Because the compound 
proved to be an amine, Funk named it “vitamine,” 
a Latin word for “life amine.” The “e” was dropped 
from the end of the word later when it was dis- 
covered that not all vitamins are amines. . 
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cleons in the atoms’ nuclei. He 
was awarded the Nobel Prize in 
physics in 1918 for this theory. 
racemic mixture — isomerism, or 
compounds formed by the union 
of two optically different forms, 
dextrorotatory (turning the plane 
of polarized light clockwise, or to 
the right) and levorotatory (turn- 
ing counter-clockwise). 

reliability systems—a term coined 
by Maj. Gen. Leslie E. Simon 
(ret.), former assistant chief of 
Ordnance R&D, to cover a hybrid 
system of statistical quality con- 
trol, engineering, and manage- 
ment. The system was devised by 
Simon and others in the Army 
Ordnance Corps as a necessity to 
getting the Nike missile opera- 
tional. 

servomechanism—a system whose 
output is compared with its input 
in order that error between the 
two quantities may be controlled 
in a prescribed manner. Implicit 
in the definition is the notion of 
a follow-up activity in which the 
output is forced to be a pre- 
assigned function of the input. 


Vanguard |!— an earth satellite 
launched by the U.S. on March 
17, 1958. Weighing 3.25 lbs, Van- 
guard I has an expected lifetime 
of up to 100 years in space. 
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Latest study available on this 
mushrooming market. ‘Plant Lo 
cation and Market Facts’ pro 
vides important current figures 
vital to new plant site planning 


San Antonio — America’s 17th largest 
city — is a market with unique advantages 
for industry. These books tell why 

with complete studies of the city’s 
productive labor force, ideal living 
conditions, outstanding research 

facilities, and fine plant sites. 


Industrial sites are now available 
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by Arthur C. Clarke, scientist and novelist 


A...: A MILLION YEARS AGO, an 


unprepossessing primate discovered 
that his forelimbs could be used for 
other purposes besides locomotion. 
Objects like sticks and stones could 
be grasped, and, once grasped, wer 
useful for killing game, digging up 
roots, defending or attacking, and a 
hundred other jobs. On the third 
planet of the Sun, tools had ap- 
peared, and the place would never 
be the same again. 

The first users of tools were not 
men—a fact appreciated only in the 
last year or two— but prehuman 
anthropoids, and by their discovery 
they doomed themselves. For even 
the most primitive of tools, such as 
a naturally-pointed stone that hap- 
pens to fit the hand, provides a 
tremendous physical and mental 
stimulus to the user. He has to 
walk erect; he no longer needs huge 
canine teeth—since sharp flints can 
do a better job—and he must de- 
velop manual dexterity of a high 
order. These are the specifications 
of Homo sapiens; as soon as they 
start to be filled, all earlier models 
are headed for rapid obsolescence 
To quote Professor Sherwood Wash- 
burn of the University of Califor- 
nia’s Anthropology Department: “It 
was the success of the simplest tools 
that started the whole trend of hu- 
man evolution and led to the civil- 
izations of today.” 

Note that phrase — “the whole 
trend of human evolution.” The old 
idea that man invented tools is 
therefore a misleading half-truth; it 
would be more accurate to say that 
tools invented man. They were very 
primitive tools, in the hands of 
creatures who were little more than 
apes. Yet they led to us, and to 
the eventual extinction of the ape 
men who first wielded them. 


Machina ex Deux 


Now the cycle is about to begin 
again, but neither history nor pre 
history ever exactly repeats itself, 
and this time there will be a fas 
cinating twist in the plot. The tools 
the apemen invented caused them 
to evolve into their successor, Homo 
sapiens. The tool we have invented 
is our successor. Biological evolu- 
tion has given way to a far more 
rapid process—technological evolu 
tion. To put it bluntly and brutally, 
the machine is going to take over 

This, of course, is hardly an 
original idea. That the creations of 
man’s brain might one day threaten 
and perhaps destroy him is such a 
tired old cliché that no self-respect 
ing science-fiction magazine would 
care to use it. It goes back, through 





Capek’s R.U.R., Samuel Butler’s 
Erewhon, Mary Shelley’s Franken 
stein and the Faust legend, to the 
mysterious but perhaps not wholly 
mythical figure of Daedalus, King 
Minos’ one-man Office of Scientific 
Research. For at least three thou 
sand years, therefore, a vocal mi 
nority of mankind has had grave 
doubts about the ultimate outcome 
of technology. From the self-cen- 
tered, human point of view, those 
doubts are justified. But that, I sub- 
mit, will not be the only—or even 
the most important—point of view 
for much longer. 

When the first large-scale elec- 
tronic computers appeared some fif- 
teen years ago, they were promptly 
nicknamed “Giant Brains’”—and the 
scientific community, as a whole, 
took a poor view of the designation. 
But the scientists objected to the 
wrong word. The electronic com- 
puters were not giant brains; they 
were dwarf brains, and they still 
are, though they have grown a hun- 
dred-fold within less than one gen- 
eration of mankind. Yet even in 
their present flint-ax stage of evolu- 
tion, they have done things which 
not long ago almost everyone would 
have claimed to be impossible 
such as translating from one lan- 
guage to another, composing music, 
and playing a fair game of chess. 
And much more important than any 
of these infant jeux is the fact that 
they have breached the barrier be- 
tween brain and machine. 


Humanity’s final issue 


This is one of the greatest—and 
perhaps one of the last — break- 
throughs in the history of human 
thought, like the discovery that the 
Earth moves round the Sun, or that 
man is part of the animal kingdom, 
or that E = mc’. All these ideas took 
time to sink in, and were fanatically 
denied when first put forward. In 
the same way it will take a little 
while for men to realize that ma- 
chines cannot only think, but may 
one day think men off the face of 
the Earth. 

At this point you may reasonably 
ask: “Yes—but what do you mean 
by think?” I propose to side-step 
that question, using a neat device 
of the English mathematician A. 
M. Turing. Turing imagined a game 
played by two teletype operators in 
separate rooms —this impersonal 
link being used to remove all clues 
given by voice, appearance, and so 
forth. Suppose that one operator 
was able to ask the other any ques- 
tions he wished, and the other had 
to make suitable replies. If, after 


some hours or days of this conver 
sation, the questioner could not de 
cide whether his telegraphic ac- 
quaintance was human or purely 
mechanical, then he could hardly 
deny that he/it was capable of 
thought. An electronic brain that 
passed this test would, surely, have 
to be regarded as an _ intelligent 
entity. Anyone who argued other- 
wise would merely prove that he was 
less intelligent than the machine; he 
would be a splitter of nonexistent 
hairs, like the scholar who proved 
that the Odyssey was not written 
by Homer, but by another man of 
the same name. 

We are still decades — but not 
centuries—from building such a ma- 
chine, yet already we are sure that 
it could be done. If Turing’s ex- 
periment is never carried out, it 
will merely be because the intelli- 
gent machines of the future will 
have better things to do with their 
time than conduct extended conver- 
sations with men. I often talk with 
my dog, but not for long. 


The transcendental machine 


The fact that the great computers 
of today are still high-speed morons, 
capable of doing nothing beyond the 
scope of the instructions carefully 
programed into them, has given 
many people a spurious sense of 
security. No machine, they argue, 
can possibly be more _ intelligent 
than its makers—the men who de- 
signed it, and planned its functions. 
It may be a million times faster in 
operation, but that is quite irrele- 
vant. Anything and everything that 
an electronic brain can do must also 
be within the scope of a human 
brain, given sufficient time and pa- 
tience. Above all, no machine can 
show. originality or creative power 
or the other attributes which are 
fondly labeled “human.” 

The argument is wholly fallaci- 
ous; those who still bring it forth 
are like the buggy-whip makers who 
used to poke fun at stranded Model 
Ts. Even if it were true, it could 
give no comfort, as a careful read 
ing of these remarks by Dr. Norbert 
Wiener will show: . 


1¢ 


This does not mean 
in any way that we shall be able to 


comprehend them in substantially 
less time than the operation of the 
machine, nor even within any given 
number of years or generations. .. . 
This means that though they are 
theoretically subject to human criti- 
cism, such criticism may be ineffec- 
tive until a time long after it is 
relevant.” 

In 

r control by sheer 

eed of operation. And, in fact, 
there is every reason to suppose 
that machines will become much 
more intelligent than their builders, 
as well as incomparably faster. 


Inorganic intelligence 


There are still a few authorities 
who refuse to grant any degree of 
intelligence to machines, now or in 
the future. This attitude shows a 
striking parallel to that adopted by 
the chemists of the early Nineteenth 
Century. It was known then that all 
living organisms are formed from a 
few common elements—mostly car- 
bon, hydrogen, oxygen and nitrogen 

but it was firmly believed that the 
materials of life could not be made 
from “mere” chemicals alone. There 
must be some other ingredient 
some essence or vital principle, for- 
ever unknowable to man. No chem- 
ist could ever take carbon, hydrogen 
and so forth and combine them to 
form any of the substances upon 
which life was based. There was an 
impassable barrier between the 
worlds of “inorganic” and “organic” 
chemistry. 

This mystique was destroyed in 
1828, when Wohler synthesized 
urea, and showed that there was no 
difference at all between the chem- 
ical reactions taking place in the 
body and those taking place inside 
a retort. It was a terrible shock to 
those pious souls who believed that 
the mechanics of life must always 
be beyond human understanding or 
imitation. Many people are equally 
shocked today by the suggestion 
that machines can think, but their 
dislike of the situation will not alter 
it in the least. 


2nd generation of computers 


Since this is not a treatise on 
computer design, you will not ex- 
pect me to explain how to build a 
thinking machine. In fact, it is 
doubtful if any human being will 
ever be able to do this in detail, 
but one can indicate the sequence 
of events that will lead from H. 
sapiens to M. sapiens. The first two 
or three steps on the road have 
already been taken; machines now 
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exist that can learn by experience, 
profit from their mistakes and—un 
like human beings never repeat 
them. Machines have been built 
which do not sit passively waiting 
for instructions, but which explore 
the world around them in a manner 
which can only be called inquisitive 
Others look for proofs of theorems 
in mathematics or logic, and some 
times come up with surprising solu 
tions that had never occurred to 
their makers 

These faint glimmerings of orig 
inal intelligence are confined at the 
moment to a few laboratory models; 
they are wholly lacking in the giant 
computers that can now be bought 
by anyone who happens to have a 
few hundred thousand dollars to 
But machine intelligence will 
grow, and it will start to range be 
ond the bounds of human thought 
is soon as the second generation of 
computers appears—the generation 
that has been designed, not by men, 
but by “almost intelligent” 
computers. And not only designed, 
but also built—for they will have 


spare 


other 


far too many components for man 
ual assembly 


Complexity of intelligence 


All speculations about intelligent 
machines are inevitably conditioned 

indeed, inspired—by our know 
ledge of the human brain, the only 
thinking device currently on the 
market. No one, of course, pretends 
to understand the full workings of 
expects that 


the brain, ofr such 


knowledge will be available in any 
foreseeable future It is a nice 
philosophical point as to whether 
the brain can ever, even in principle, 
understand itself.) But we do know 
enough about its physical structure 
to draw many conclusions about the 
limitations of “brains” whether 
organic or inorganic 

There are approximately ten bil 
lion separate switches—or neurons 

inside your skull, “wired” to 
gether in circuits of unimaginable 
complexity. Ten billion is such a 
large number that, until recently, it 
could be used as an argument 
against the achievement of mechan- 
ical intelligence. About ten years 
ago a famous neurophysiologist 
made a statement (still produced 
like some protective incantation by 
the advocates of cerebral suprem 
acy) to the effect that an electronic 
model of the human brain would 
have to be as large as the Empire 
State Building, and would need 
Niagara Falls to keep it cool when 
it was running 

This must now be classed with 
such interesting pronouncements as 
“No heavier-than-air machine will 
ever be able to fly.” For the calcu 
lation was made in the days of the 
vacuum tube, and the transistor has 
now completely altered the picture 
Indeed—such is the rate of tech 
nological progress today—the tran 
sistor itself is being replaced by 
still smaller and 


faster devices, 


based upon abstruse principles of 
quantum physics 
were merely one of space, today’s 
electronic techniques would allow 


If the problem 


us to pack a computer as complex 
as the human brain onto a single 
floor of the Empire State Building 

It's a tough job keeping up with 
science, and since I wrote that last 
paragraph the Marquardt Corpora 
tion’s Astro Division has announced 
a new memory device which could 
store inside a six-foot cube all in 
formation recorded during the last 
ten thousand years. This means, of 
course, not only every book ever 
printed, but everything ever written 
in any language on paper, papyrus, 
parchment, or stone. It represents a 
capacity untold millions of times 
greater than that of a single human 
memory, and though there is a 
mighty gulf between merely storing 


information and thinking creatively 

the Library of Congress has never 
written a book it does indicate 
that mechanical brains of enormous 
power could be quite small in phys- 
ical size. And the shrinkage is just 
gaining momentum, if I may employ 
such a mind-boggling phrase. West- 
inghouse now manufacturers a five 
watt amplifier that could rather 
easily be mistaken for an aspirin 
tablet, and radio sets the size of 
lumps of sugar are also available 
Before long, they will be the size 
not of lumps but of grains, for the 
slogan of the microminiaturization 
experts is “If you can see it, it’s 
too big.” 


Components of the brain 


Just to prove that I am not ex 
aggerating, here are some statistics 
you can use on the next hi-fi fanatic 
who takes you on a tour of his in 
stallation. During the 1950s, the 
electronic engineers learned to pack 
up to a hundred thousand electronic 
components into one cubic foot. (To 
give a basis of comparison, a good 
hi-fi amplifier may contain two or 
three hundred parts, a domestic 
radio about a hundred.) Here at the 
beginning of the Sixties, the attain 
able figure is around a million elec 
tronic components per cubic foot; 
by 1970, when today’s experimental 
techniques of microscopic engineer 
ing have begun to pay off, it may 
reach a hundred million 

Fantastic though this last figure 
is, the human brain surpasses it by 
a thousand-fold, packing its ten bil 
lion neurons into a tenth of a cubic 
foot. And although smallness is not 
necessarily a virtue, even this may 
be nowhere near the limit of possi- 
ble compactness. 

For the cells composing our brains 
are slow-acting, bulky, and wasteful 
of energy compared with the 
scarcely more than atom-sized com 
puter elements that are theoretically 
possible. The mathematician John 
von Neumann once calculated that 
electronic cells could be ten billion 
times more efficient than protoplas- 
mic ones; already they are a million 
times swifter in operation, and speed 
often can be traded for size. If we 
take these ideas to their ultimate 
conclusion, it appears that a com 
puter equivalent in power to one 





human brain need be no bigger than 
a matchbox 

This slightly shattering thought 
becomes more reasonable when we 
take a critical look at flesh and 
blood and bone as engineering ma 
terials. All living creatures are mar 
velous, but let us keep our sense of 
proportion. Perhaps the most won 
derful thing about life is that it 
works at all, when it has to employ 
such extraordinary materials, and 
has to tackle its problems in such 
roundabout ways 


You can prove this while 
you're reading the next sentence. 
Here’s a medium-length word: 
photography. Close one eye and 
keep the other fixed—repeat, fixed 
on that center “g.”” You may be sur- 
prised to discover that, unless you 


cheat by altering the direction of 
your gaze, you cannot see the whole 
word clearly. It fades out three or 
four letters to the right and left. 

No camera built—even the cheap 
est—-gives as poor an optical per- 
formance as this. For color vision, 
also, the human eye is nothing to 
boast about; it can operate only over 
a small band of the spectrum. To 
the worlds of the infrared and ultra 
violet, visible to bees.and other in 
sects, it is completely blind. 

We are not conscious of these 
limitations because we have grown 
up with them, and indeed if they 
were corrected the brain would be 
quite unable to handle the vastly 
increased flood of information. But 
let us not make a virtue of a neces- 
sity; if our eyes had the optical 
performance of even the cheapest 
miniature camera, we would live in 
an unimaginably richer and more 
colorful world. 

These defects are due to the fact 
that precision scientific instruments 
simply cannot be manufactured 
from living materials. With the eye, 
the ear, the nose—indeed, all the 
sense organs — evolution has per- 


s great hut what can you expect from u ater and jelly?” 


men and machines 


formed a truly incredible job against 
fantastic odds. But it will not be 
good enough for the future; indeed, 
it is not good enough for the present. 


t 
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Though I would hate 
to lay down the law and claim that 
nowhere in the universe can there 
be organic Geiger counters or living 
TV sets, I think it highly improb- 
able. There are some jobs that can 
be done only by vacuum tubes or 
magnetic fields or electron beams, 
and are therefore beyond the cap- 
ability of purely organic structures. 


The specs are rough 


There is another fundamental 
reason why living machines such as 
you and I cannot hope to compete 
with nonliving ones. Quite apart 
from our poor materials, we are 
handicapped by one of the toughest 
engineering specifications ever 
issued. What sort of performance 
would you expect from a machine 
which has to grow several billionfold 
during the course of manufacture, 
and which has to be completely and 
continuously rebuilt, molecule by 
molecule, every few weeks? This is 
what happens to all of us, all the 
time; you are not the man you were 
last year, in the most literal sense 
of the expression. 

Most of the energy and effort 
required to run the body goes into 
its perpetual tearing down and re- 
building, a cycle completed every 
few weeks. New York City, which 
is a very much simpler structure 
than a man, takes hundreds of 
times longer to remake itself. When 
one tries to picture the body’s my- 
riads of Conrad Hiltons and Bill 
Zeckendorfs all furiously at work, 
tearing up arteries and nerves and 
even bones, it is astonishing that 
there is any energy left over for the 
business of thinking. 

Now I am perfectly well aware 
that many of the “limitations” and 
“defects” just mentioned are noth- 
ing of the sort, looked at from 
another point of view. Living crea- 
tures, because of their very nature, 
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can evolve from simple to complex 
They well be the 
path by which intelligence can 
be attained, for it is a little difficult 
lifeless planet 
progress directly from metal 
ind mineral deposits to electronic 
unaided ef 
though intelligence can 
from life, it may then 
Perhaps at a later stage, 
mystics have suggested, it 
matter; but this 
leads us into realms of speculations 
which an unimaginative person like 
myself would prefer to avoid. 

One often-stressed advantage of 
creatures is that they are 
and can reproduce 
with ease, indeed, with 

This superiority over 
will be short-lived; the 
principles underlying the 
construction of self-repairing and 
self-reproducing machines have al 
ready been worked out. There is 
incidentally, something ironically 
appropriate in the fact that A. M 
Turing, who pioneered in this field 
ind first indicated how thinking 
machines might be built, shot him 
self a few years after publishing his 
results. It is very hard not to draw 
from this 
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inaccessible universe 


The single stimulus to 
the evolution of mechanical as 
opposed to organic 


greatest 


intelligence is 
the challenge of space. Only a van 
ishingly small fraction of the uni 
verse is directly accessible to man 
kind, in the sense that we can live 
there without elaborate protection 
or mechanical aids. If we generously 
that humanity’s potential 
Lebensraum extends from sea level 
to a height of three miles, over the 
whole Earth, that gives us a total 
half billion cubic miles. At 
first sight this is an impressive fig 
ure, but it is absolutely nothing when 
igainst the reaches of 
Our present telescopes, which are 
certainly not the last word on the 
sweep a volume at least a 
million million million million mil 
lion million million million million 
million times greater. Though such 
i number is, of course, utterly be 
yond conception, it can be given a 
vivid If we reduce the 
known universe to the size of the 
Earth, then the portion in which 
ve can live without space suits and 
pressure cabins is about the size of 
i single atom 
It is true that, one day, we are 
going to explore and colonize many 
other atoms in this Earth-sized vol 
ume, but it will be at the cost of 
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space 


subject 


meaning 
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technical efforts, for 
most of our energies will be devoted 
to protecting our frail and sensitive 
bodies against the extremes of tem- 
perature, pressure, or gravity found 
in space and on other worlds. With 
in very wide limits, machines are 
indifferent to these extremes. Even 
more important, they can wait pa 
tiently through the years and the 
centuries that will be needed for 
travel to the far reaches of the 
universe 


tremendous 


A striking parallel to this situa 
tion already found on our 
planet. Some millions of years ago, 
the most intelligent of the mam 
withdrew from the battle of 
the dry land and returned to their 
ancestral home, the sea. They are 
still there, with brains larger and 
potentially more powerful than ours 
But (as far as we know) they do 
not use them; the static environ 
ment of the sea makes little call 
upon intelligence. The porpoises 
and whales, who might have been 
our equals and perhaps our supe 
riors had they remained on land, 
now race in simple-minded and in 
nocent ecstasy beside nuclear 
powered sea monsters carrying six 
teen megatons of death. Perhaps 
they, not we, made the right choice, 
but it is too late to join them now 


can be 


mals 


Whither H. sapiens? 


If you have stayed with me so 
far, the protoplasmic computer in 
side your skull should now be pro 
gramed to accept the idea—at least 
for the sake of argument—that ma 
chines can be both more intelligent 
and more versatile than men, and 
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may well be so in the very near fu- 
ture (probably before the end of 
the next century; no one can im 
agine any technical development 
that will take much longer than 
that). So it is time to face the ques- 
tion: “Where does that leave man?” 

I suspect that this is not a ques 
tion of very great importance—ex- 
cept, of course, to man. Perhaps the 
Neanderthalers made similar plain 
tive noises, around 100,000 B.C., 
when H. sapiens appeared on the 
scene, with his ugly vertical fore- 
head and ridiculous protruding 
chin. Any Paleolithic philosopher 
who gave his colleagues the right 
answer would probably have ended 
up in the cooking-pot; I am pre- 
pared to take that risk 

The short-term answer may in 
deed be cheerful rather than de 
pressing. There may be a brief 
Golden Age when men will glory in 
the power and range of their new 
partners. Barring war, this age lies 
directly ahead of us. As Dr. Simon 
Ramo put it recently: 


Electronic companions 


One of the ways in which thinking 
machines will be able to help us is 
by taking over the humbler tasks of 
life, leaving the human brain free to 
concentrate on higher things. ( Not, 
of course, that this is any guarantee 
that it will do so.) For a few gener- 
ations, perhaps, every man will go 
through life with an. electronic com- 
panion, which may be no bigger 
than today’s transistor radio. It will 
“grow up” with him from infancy, 
learning his habits, his business 
affairs, taking over all the dull 
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chores like routine correspondence 
and income tax returns. On occa- 
sion it could even take its master’s 
place, keeping appointments he pre- 
ferred to miss, and then reporting 
back in as much detail as he desired 
It could substitute for him over the 
telephone so completely that no one 
would be able to tell whether man 
or machine was speaking: a century 
from now, Turing’s “game” may be 
an integral part of our social lives, 
with complications and possibilities 
which I leave to the imagination. 

You may remember that delight- 
ful robot, Robbie, from the movie 
Forbidden Planet (one of the three 
or four movies so far made that 
anyone interested in science-fiction 
can point to without blushing). I 
submit, in all seriousness, that most 
of Robbie’s abilities—together with 
those of a better-known character, 
Jeeves—will one day be incorpo- 
rated in a kind of electronic com- 
panion-secretary-valet. It will be 
much smaller and neater than the 
walking jukeboxes which Hollywood 
presents, with typical lack of im- 
agination, when it wants to portray 
a robot. And it will be extremely 
talented, with quick-release connec- 
tors allowing it to be coupled to an 
unlimited variety of sense organs 
and limbs. It would, in fact, be a 
kind of general-purpose, disem- 
bodied intelligence that could at- 
tach itself to whatever tools were 
needed for any particular occasion. 
On one day it might be using micro- 
phones or electric typewriters or 
TV cameras; on another, automo- 
biles or airplanes—or the bodies of 
men and animals. 


Why not synthesize 
man and machine? 


And this is, perhaps, the moment 
to deal with a conception which 
many people find even more horri- 
fying than the idea that machines 
will replace or supersede us. It is 
the idea that they may combine 
with us. 

I do not know who first thought 
of this: probably the physicist J. D. 
Bernal, who in 1929 published an 
extraordinary book of scientific pre- 
dictions called The World, the Flesh 
and the Devil. In this slim and 
long-out-of-print volume (I some- 
times wonder what the sixty-year- 
old Fellow of the Royal Society now 
thinks of his youthful indiscretion, 
if he ever remembers it), Bernal 
decided that the numerous limita- 
tions of the human body could be 
overcome only by the use of me- 
chanical attachments or substitutes 

until, eventually, all that might 
be left of man’s original organic 


body would be the brain. 

This idea is already far more 
plausible than when Bernal ad- 
vanced it, for in the last few dec- 
ades we have seen the development 
of mechanical hearts, kidneys, lungs, 
and other organs, and the wiring of 
electronic devices directly into the 
human nervous system. 

Olaf Stapledon developed this 
theme in his wonderful history of 
the future, Last and First Men, 
imagining an age of immortal Giant 
Brains, many yards across, living 
in beehive-shaped cells, sustained 
by pumps and chemical plants. 
Though completely immobile, their 
sense organs could be wherever they 
wished, so their center of awareness 

or consciousness, if you like 
could be anywhere on Earth or in 
the space above it. This is an im- 
portant point which we—who carry 
our brains around in the same frag- 
ile structure as our eyes, ears, and 
other sense organs, often with dis 
astrous results—may easily fail to 
appreciate. Given perfected tele- 
communications, a fixed brain is no 
handicap, but rather the reverse 
Your present brain, totally impris- 
oned behind its walls of bone, com- 
municates with the outer world and 
receives its impressions of it over 
the telephone wires of the central 
nervous system—wires varying in 
length from a fraction of an inch to 
several feet. You would never know 
the difference if those “‘wires’”’ were 
actually hundreds or thousands of 
miles long, or included mobile radio 
links, and your brain never moved 
at all. 


Cybernetic organisms 


Recently the word Cyborg (cy- 
bernetic organism) has been coined 
to describe a machine-animal of the 
type we have been discussing. Doc- 
tors Manfred Clynes and Nathan 
Kline of Rockland State Hospital, 
Orangeburg, New York, who in- 
vented the name, define a Cyborg 
in these stirring words: “an exo- 
genously extended organizational 
complex functioning as a homeo- 
static system.” To translate, this 
means a body which has machines 
hitched to it, or built into it, to 


take over or modify some of its 
functions. 

I suppose one could call a man 
in an iron lung a Cyborg, but the 
concept has far wider implications 
than this. One day we may be able 
to enter into temporary unions with 
any sufficiently sophisticated ma- 
chines, thus being able not merely 
to control but to become a spaceship 
or a submarine or a TV network. 
This would give far more than 
purely intellectual satisfaction; the 
thrill that can be obtained from 
driving a racing car or flying an 
airplane may be only a pale ghost 
of the excitement our great-grand- 
children may know, when the in- 
dividual human consciousness is 
free to roam at will from machine 
to machine, through all the reaches 
of sea and sky and space. 


Machina benevolent 


The popular idea, fostered by 
comic strips and the cheaper forms 
of science-fiction, that intelligent 
machines must be malevolent en- 
tities hostile to man, is so absurd 
that it is hardly worth wasting 
energy to refute it. I am almost 
tempted to argue that only unintel- 
ligent machines can be malevolent; 
anyone who has tried to start a 
balky outboard probably will agree. 
Those who picture machines as ac- 
tive enemies are merely projecting 
their own aggressive instincts, in- 
herited from the jungle, into a world 
where such things do not exist. The 
higher the intelligence, the greater 
the degree of cooperativeness. If 
there is ever a war between men and 
machines, it is easy to guess who 
will start it. 

Yet however friendly and helpful 
the machines of the future may be, 
most people will feel that it is a 
rather bleak prospect for humanity 
if it ends up as a pampered speci- 
men in some biological museum— 
even if that museum is the whole 
planet Earth. This, however, is an 
attitude I find impossible to share. 

No individual exists forever; why 
should we expect our species to be 
immortal? Man, said Nietzsche, is 
a rope stretched between the animal 
and the superhuman—a rope across 
the abyss. That will be a noble 
purpose to have served. ” 


INDUSTRIAL RESEARCH—NOV, 1961 


35 





OnaT mach ne tools 


ordanay 


PLANNING __. @ 


_ 


TOMORROW'S n 


PRODUCTION — 


—_ 
— 


| 





embly techniques, and 


nstalled to pi 


FR... ARCH THAT ANTICIPATES 


how we will manufacture products 
in five or 10 years, as w is what 
those products will be, is one of the 
most critical needs in manufactur 
ing. Technical management must 
start today to study and explore 
many new technologies so that eco 
nomical and efficient manufacturing 
plants will be ready for the products 
of the future 

This new dimension of manufac- 
turing research resembles product 
development. It permits years-ahead 
thinking. It examines a dozen pos 
sibilities in the hope of finding one 
technique that will speed assembly 
of future products. It works out 
mathematical rules for stabilizing 
high-speed servomechanisms. It 
spends months on techniques like 
electro-machining, electro-forming, 
and vacuum deposition because they 
may be the answers to working more 


difficult, but high-performance ma- 
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terials. It is thorough, painstaking, 
unhurried, analytical, and unfet- 
tered by prejudices, time limita- 
tions, or current problems. It works 
with product development in such 
a way that each influences the 
other’s work 

Such a concept seeks to solve 
production problems before they 
occur. It aims at setting the plant 
stage for producing things still 
vague in the mind of the develop- 
ment engineer. It gathers informa- 
tion from the frontiers of electronics, 
optics, physics, chemistry, and every 
other physical science, and organ- 
izes the results for ready adoption 
by manufacturing engineers. 

If laminations of metals and plas- 
tics are on the horizon, we ought 
to find out how such materials can 
be handled on the necessary process 
line. What properties will necessi- 
tate special handling or new tech 
niques? What properties can be ex- 
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process 
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plans 


ploited? What new cutting, forming, 
or assembly techniques will be re- 
quired? Are the etching, plating, 
cleaning, and joining compounds of 
today satisfactory, or should im- 
proved replacements be sought? 

In general terms, this new di- 
mension in manufacturing research 
closes the gap between product de- 
velopment and manufacturing. It 
hastens products into full capacity 
production, and it encourages the 
use of more advanced tools, tech- 
niques, and processes. The economic 
use, for instance, of high-speed, nu- 
merically-controlled machine tools 
demands extensive and thorough 
planning, cost comparison, experi- 
mentation. Without this, you often 
hear the complaint that the ma- 
chine tool is not operating above 
the break-even point, or that it isn’t 
flexible enough to adjust to changes 
in product requirements. In eco- 
nomic terms, the payoff will come in 
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faster production set-up and lower 
cost per unit output as well as 
higher reliability 


Day-to-day solution only 


Of the more than $14-billion spent 
ly on research in the United 
States, only a small percent is spent 
on study to improve manufacturing 
technology. At that, the millions 
going into manufacturing research 
ire paying mostly for solutions to 
day-to-day 


nnual 


problems 

It is unlikely that this situation 
will remain static. There is growing 
ind significant pressure on produc 
tion executives to slash production 
improve reliability, and re 
production line set-up 
time. In face of the rate at which 
new and 


costs 
duce new 
improved products are 
pouring out of development re 
search, the problem faced by opera 
tions management in accomplishing 
these three tasks is serious 

How, for instance, is management 
to improve unfamiliar chemical pro 
significantly when, by the 
time a new process is readied, the 
product it helps to make is replaced 
by something new requiring a dif 
ferent process? How are plants to 
make use of numerically-controlled 
machines in face of rapidly chang 
ing product requirements? Many 
companies employ a modular as 
sembly line approach to permit fast 
ind inexpensive retooling. But this 
is not the whole answer 


cesses 


A limited approach 


Manufacturing research as it is 
widely understood today constitutes 
1 limited approach to the improve- 
ment of manufacturing techniques 
In such an approach, experienced 
specialists in the various manufac 
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turing technologies perform very 
necessary tasks of improving weld 
ing, painting, machining, chemical 
and metallurgical processing, assem 
bly, testing, and materials handling 
Faced with day-to-day and year-to 
year manufacturing requirements, 
the department rarely breaks away 
from current problems to set up 
long-term planning and goals. 

Thus manufacturing very often is 
caught between time limitations and 
staggering retooling and refitting 
tasks. Once a product development 
department releases new product 
plans to plant management, pres 
sure is on for maximum production 
rates as soon as possible 

Manufacturing engineers invari 
ably are forced to turn to time 
honored methods of production 
Conventional machine tools, con 
ventional assembly techniques, and 
conventional processing lines are ‘n- 
stalled to produce the new product 
Originality, innovation, and process 
breakthrough are introduced later 
in a frenzy of uncertainty, over 
taxed emotions, and often-changed 
floor plans 

Manufacturing is subjected to 
drastic changes whenever new prod- 
ucts are introduced. It was, in fact, 
the advent of transistorized com- 
puters that gave IBM its reason to 
instigate some manufacturing re- 
search techniques. While solid-state 
components brought about changes 
in computer performance, they also 
brought about serious changes in 
manufacturing requirement: they 
couldn’t be put together the same 
way 


No blueprint for results 


As with any research function, 
you cannot draw a five-year plan 


or projected financial statement in 
dicating the rewards of blue-sky 
manufacturing research. But we do 
know now that, however difficult it 
may be to itemize research costs 
and results, well-directed develop 
ment work has paid off in industry 
with new, better, and 
products. 

This difficulty of projecting con 
crete results in specific dollar values 
means that management launches a 
manufacturing research group 
largely on faith. Yet top manage 
ment alone has the power to create, 
equip, and back up such an organi- 
zation. For manufacturing research 
serves no purpose unless it is in 
complete harmony with operating 
management and has the fiscal ap- 
proval of financial management 


low-cost 


A problem of location 


A research group is not wise to 
locate within a plant organization 
because it soon gets choked with 
current problems and immediate 
goals, is hampered by local budget 
reviews, and has insufficient stature 
to communicate with other research 
arms of the company. 

In a large company, it also is 
unwise to locate a manufacturing 
research laboratory at corporate 
headquarters. It is too far from the 
influence of a plant and develop- 
ment laboratory to maintain proper 
perspective. Manufacturing research 
must have equipment available for 
model building, testing, and experi- 
mentation, usually available only in 
a manufacturing and development 
complex. In addition, manufacturing 
research needs to see and talk about 
what is going on in manufacturing 
and development. Proximity to these 
operations encourages an exchange 











of ideas and opinions—a necessary 
flux for healthy research 

The ideal location and reporting 
level depends on the company. But 
it should be arranged so that the 
group has sufficient stature, ade 
quate budget and facilities, and op 
portunity to work alongside plant 
and development laboratory man 
agement without becoming involved 
in day-to-day problems 


Selling the concept to 
management 


Just how manufacturing research 
is sold to top management also de 
pends on the company, its size, and 
the anticipated scope of the research 
that will be undertaken 

Selling an adequate program is no 
mean task in any corporation. Plans 
to set up any new and sizeable 
group violate management’s nat 
ural and desirable hesitancy to al 
low the building of “empires” within 
the company. It also runs opposed 
to inertia. Indeed, advocates of 
manufacturing research. themselves 
are suspect of bias if they are to 
benefit from the launching of a new 
laboratory 

Probably for the very reason that 
a bias can be ascribed to all quarters 
does management use the services 
of an independent consulting firm 
to investigate the value of setting 
up anything akin to a new research 
organization 

Early in the planning stages at 
IBM, for example, a competent en- 
gineering consultant was called in 
to offer advice on manufacturing 
research. The consultant’s services 
proved fully valuable from several 
points. First, the consultant took an 
unprejudiced view in his study and 
recommendation. He also viewed 
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company operations as one con- 
cerned only with fundamentals of 
an industrial enterprise. He could 
see, for example, whether manufac 
turing activities would 
serve a function in future 
company operations 


research 
basic 


This service very often is a neces 
sary part of preparing a recommen- 
dation to company management. It 
is not, however, the entire job. No 
one should expect independent con- 
sultants to prepare the entire pro- 
posal. A consultant rarely is given 
enough time to study the total corpo- 
rate picture as it might be affected 
by a proposal for a manufacturing 
research laboratory. A consultant 
rarely learns all the projected enter 
prises or requirements of plant and 
personnel. He rarely is allowed com 
plete exposure to long-term budgets 
or product forecasting 


An inside study of needs 


Since these things already are 
known within the company, it 
should be a study committee’s task 
to gather this information, analyze 
it, and determine what the combina- 
tion indicates in terms of a manu 
facturing research requirement 

At IBM, for example, a committee 
was organized at corporate head- 
quarters with members drawn from 
manufacturing staff personnel. Addi- 
tional members were recruited from 
the manufacturing engineering staffs 
of major plants. Each committee 
member gathered pertinent data and 
contributed to final recommenda- 
tions. The committee also directed 
the work of the engineering con- 
sultant. 

Written reports of such commit- 
tees, however well they are docu- 
mented, have their limitations. Most 
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serious is the ponderous detail that 
must be used to support a positive 
conclusion. In the complexities of 
logical reasoning, there is no drama 
or decisiveness to the answer to 
“Will it work, or not?” For dramatic 
support of the conclusion, nothing 
succeeds as well as a live demon 
stration 

4 pilot manufacturing research 
program started at Endicott, N.Y., 
under the wing of plant manufac 
turing engineering, provided the 
dramatic evidence. Fortunately, the 
pilot program was instituted with 
the advent of solid-state electronic 
computers, thus giving the group an 
ideal situation for demonstrating its 
ultimate function in a limited way 


How, where, and when 


As soon as the pilot group was 
launched, it began to work with the 
development laboratory to deter 
mine where the solid-state packag 
ing development was headed. It also 
looked at manufacturing throughout 
industry to find the most promising 
assembly techniques for solid-state 
electronics. Armed with this infor 
mation, the group determined that 
standard modules of electronic cir 
cuitry would be economical and 
highly feasible for the first phase 
of solid-state computer technology 
These standard modules or building 
blocks would enable manufacturing 
to reach higher levels of production 
and maintain reasonable unit costs 

Convinced of this, the pilot group 
sat down with development project 
engineers and asked for modular 
concepts in the design package 
Meanwhile, manufacturing engi 
neers were asked to draw plans 
for the necessary tooling, much of 
which was ultimately, if not im 
mediately, automatically-controlled 
chemical processes and numerically 
controlled assembly operations 

he pilot program group’s con 
tribution, then, was enough creative 
thinking to enable development en 
gineers to meet with manufacturing 
engineers at product announcement 
time with many of the trouble spots 
ilready eliminated 


caree? 


Results of the program certainly 
were dramatic. It took less time for 
the first solid-state computer (the 
IBM 1401) to be built in the plant 
following product announcement 
than it had taken for any of its 
data processing predecessors. And 
the solid-state computer represented 
a more sophisticated logical network 
than any of its predecessors 

Such a pilot program is useful 
because it demonstrates to manage 
ment at all levels just what manu 
facturing research can do. It also 
enables advocates of manufacturing 
research to see how their initial 
plans may have to be redrafted 


Control at division level 


Coincidental with the successful 
completion of the pilot program, 
IBM management organized its 
U.S. operations into strong, func 
tional divisions. When the General 
Products Div.—one of two data pro 
cessing development and manufac 
turing divisions, with four plant and 
two laboratory sites—was organized, 
it became evident that division level 
control offered many advantages for 
manufacturing research. Among 
these were unity of interest and 
ample support 

Because of the greatly varying 
product and manufacturing require 
ments of individual divisions, it was 
decided by corporate management 
that each division would be respon- 
sible for establishing adequate man- 
ufacturing research programs to 
meet its individual long-range needs 
All programs, of course, must be 
effectively coordinated among divi 
sions 

A division plan was then or 
ganized composed of ideas gained 
largely from the pilot program group 
at Endicott. A final proposal was 
drafted and, with modifications, was 
adopted by division management 

Points considered in the proposal 
included present and projected size 
and budget; location, facilities, and 
personnel; reporting level and co 
ordination with other groups; scope 
and direction; and internal organ 
ization. 
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An Analogy to Ideation 


The seed will achieve its fullest potential when 
nurtured in the most receptive environment. 


So, too, ideas. 
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Industrial Research, the only technical magazine for management, was 
created to keep technical decision makers abreast of the applications of 
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with the change to monthly frequency, Industrial Research announces 
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ation with American Research & Development Corp., Boston, a $40-million 
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¢ completion of a modern new glass and masonry office building and mech- 
anical plant in Beverly Shores, Ind. ¥ a concentrated circulation, second 
to none, of the technical decision makers of industry and government gf the 
only editorial content that repeatedly emphasizes the profitable end result 
of this nation’s annual $14-billion research and development expenditure. 
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technical management market, how to sell your R&D capabilities, how to 
produce command decisions on technical sales, and the analyses of Industrial 
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The General Products Div. man- 
ufacturing research group was lo- 
cated at Endicott where the plant 
offered model shop and test equip- 
ment facilities as well as an oppor 
tunity to experiment “on line.” 
However, the group reports directly 
to the division’s assistant general 
manager in charge of manufacturing 
operations. 

Liaison with all development pro- 
ject managers and local manufac- 
turing engineering is maintained to 
keep abreast of current develop- 
ments and their possible effect on 
future products. A manufacturing 
research board, representing divi- 
sion management, manufacturing 
engineering of each plant, and de 
velopment engineering of each lab 
oratory, meets regularly with the 
director of manufacturing research 
to review current progress, work 
scheduled, and long-term goals. The 
board makes recommendations as it 
thinks fit, but ultimate responsi- 
bility for direction and scope lies 
with the head of the manufacturing 
research function 


Building a sound foundation 


The five years that passed while 
this organization, or one similar in 
function, was studied have paid off 
in two important ways. In this time, 
corporate management men had an 
opportunity to understand the pur- 
pose and potential of the proposed 
laboratory. Consequently, they were 
ready to accept the organization 
with all its physical requirements. 

On the other side, we who now 
perform manufacturing research 
have had an opportunity to examine 
all sides of the proposal both in 
concept and detail. Thus our organi 
zation was able to incorporate all 
the valuable ideas considered in our 
studies and discard the poor ones 

We recognized, for instance, the 
advantages of implementation on 
the divisional level rather than at 
corporate or plant levels. We be- 
came aware of the staff competence 
required to create basically new 
manufacturing technology and ad- 
vanced processes beyond what can 
be generated by the already estab 
lished manufacturing engineering 
department. And we recognized the 
necessity of interplant participation 
and coordination to gain motivation 
and understanding for all phases of 
our work 

A good part of the success of any 
laboratory organization is depend- 
ent upon a sound foundation in 
valid concepts. This is as true of a 
manufacturing research laboratory 
as of any other open-end laboratory 
organization . 
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means. Choose from the world’s largest selec 


e B&L INTERFERENCE FILTERS 


Lowest-cost way to fit the wavelength to your 
need. Choose from our wide stock of standard 
filters, to transmit light from near ultra-violet 
(340m,) to near infra-red (800m, ) 


e B&L CERTIFIED-PRECISION DIFFRACTION GRATINGS 


tion of the most precise gratings ever made 


LED e B&L GRATING MONOCHROMATORS 


Just turn a dial to set the built-in grating to 


‘ichatharhantiamaci the wavelength you need. That’s all there is to 
it! You get pure, intense light anywhere in the 

i ieee til spectrum from ultra-violet into infra-red 
-------4 


BAUSCH & LOMB INCORPORATED 
81623 Bausch St., Rochester 2, N. Y. 
Please send me 
Interference Filter Catalog D-248 
Grating Catalog D-261 
BAUSCH & LOMB Monochromator Catalog D-259 
NAME 
TITLE 


PROFESSIONAL ADDRESS 
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SILICONE NEWS from Dow Corning 


Prototypes unlimited 


Pour yourself a Silastic RTV 
mold and...start casting! 


inal’ for a model, you can qui kly pour simple cavity 
ind in a few hours be castir exact duplic ites! It’s that 
d-making material is Silastic” RTV 





ver sets-up at room temperature in minutes o1 hours 

system vou select. It cures without heat to a firm, 

ipable of tolerating casting temperatures of many 
up to 500 | 


RTV is quie ' ve and practical — 
iplicate or dozens wore. RTV molds 
e parts havir ie detai 


light lens 


is poured into the form, 
half of the mold. Because 
materials. no parting 


over and alignment 
th release agent and 
nd half of the mold 
e twe RTYV molds 
ueare fe dy to 
exact replicas of the original. The photo 
‘ taken from the mold 








THE RESEARCH 


Government Research 
November, 1961 


Dear Sir: 


The federal government is funding more than 60% of the $14-billion 
national R&D budget, and the expenditure can be expected to continue, With the 
nation's economic growth and technical development geared to defense needs, 
the impact of government research is widespread, Government research is the 
subject of a special series of articles in Industrial Research, starting with 
“Can You Afford Government R&D Contracts?" on page 13, 


information retrieval 


As the November issue went to press, the National Aeronautics & 
Space Administration (NASA) started to let several major contracts for the study 
of information retrieval, With the increased volume of scientific information being 
disseminated, the information storage and retrieval problem is receiving increased 
attention (see I-R special section on Information Retrieval, Vol. 3, No. 2). 








Reflecting the growing interest in information retrieval is a $300,000 
grant by the National Institutes of Health and the National Science Foundation to 
the Institute for Scientific Information, 33 S, Seventeen St. , Philadelphia, Pa., 
to study and develop a unified citation index for scientific information, including 
the publication of a genetics index, The index is expected to complement the 
Beilstein, Chemical Abstracts, and Biological Abstracts indexes, and is not 
intended as a substitute, 








Another advanced research area receiving close scientific attention 
is quantum physics, Measurement Systems Inc,, 53 Water St., South Norwalk, 
Conn, , manufacturer of electro-optical and infrared equipment, is developing and 
manufacturing an extremely small quantum detector to be installed with a small 
electro-explosive device, under a contract awarded by the Naval Weapons 
Laboratory, Dahlgren, Va. Like the infrared detector which evolved out of military 
research, the quantum detector may find useful industrial application, 














outer and inner space 


A space capsule that will streak nearly a quarter of a million miles 
into space and land on the moon's surface to radio back to earth scientific data 
about the lunar structure is under development at Ford Motor Co,'s Aeronutronic 
Div. , Newport Beach, Calif, (see photograph on page 47). To be developed under 
contract with NASA's Jet Propulsion Laboratory, the capsule will be transported 
by the Ranger spacecraft now under development at JPL's Pasadena, Calif., facility. 
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A prototype model of a rotating electrolytic cell that operates 
under weightless conditions is being readied by Battelle Memorial Institute, 505 King 


St. , Columbus 1, Ohio, for evaluation by the Aerospace Medical Laboratory, 
Aeronautical Systems Div., Air Force Systems Command, The cell may provide a 
vital link in a workable chemical system that will convert an astronaut's breath into 
breathable oxygen during space voyages lasting up to two years, 














The world's first submarine capable of cruising at a depth of almost 
three miles and made entirely of aluminum is under construction at Groton, Conn,, 
by the Electric Boat Div. , General Dynamics Corp., under a $2-million contract 
from Reynolds International Inc. , a subsidiary of Reynolds Metals Co, Three years 
of research by Reynolds International, Southwest Research Institute, General 
Dynamics, Woods Hole Oceanographic Institution, and the Navy preceded the 
building contract, Reynolds will own the sub and Woods Hole will operate it as 
part of a research program sponsored by the Navy's Office of Naval Research, 
which has allocated $l1-million to Woods Hole for advance procurement of 
instruments the sub will carry and for the first year's leasing and operation, To be 
known as the Aluminaut, the sub may become a forerunner of an entirely new 
generation of underwater craft, 














military research 


Research and development models of a new amphibious support 
vehicle are being built for the Navy by Lycoming Div. , Avco Corp., Stratford, 
Conn, , and FMC Corp., San Jose, Calif. Avco will produce a model using two 
submerged hydrofoils, under a $1,385,000 contract. FMC was awarded $1 ,158,000 
to build a vehicle using a surface-piercing foil forward and a submerged foil aft. 
The craft will travel more than 35 knots on water and 25 mph on land, and will be 
used to transport cargo and assault troops, 

















Under sponsorship of the Army Ordnance Corps’ Frankford Arsenal, 
Electro-Optical Systems Inc,, 125 N. Vinedo Av. , Pasadena, Calif., has 
developed an experimental device that will protect operators of optical equipment 
from nuclear flash blindness in the battlefield. The mechanism can close out the 
light from a nuclear flash in one ten-thousandth of a second, and is designed 
especially to protect personnel using high-powered binocular and telescopes for 
reconnaissance or field bombardment spotting, 











A new gadget, called the “sit still,” that will make enough fresh 
water to keep survivors of sea disasters from dying of thirst, has been developed 
by the Army Engineer R&D Laboratories, Fort Belvoir, Va, The device uses heat 
from the sun's rays or from the body of an individual sitting on it to produce fresh 
water by condensation, 








materials 


Radioisotopes, x-ray, and electrical conductivity are being used 
to learn how lubrication affects bearing life in a research project underway at SKF 
Industries Inc, , Front St, and Erie Av,, Philadelphia 32. The study is being 
conducted under a $177,000 Navy Bureau of Weapons contract to improve the 
reliability of rolling contact bearings used in spacecraft, missiles, aircraft, 
warships, and atomic reactors, 
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COMPONENTS of the Ranger spacecraft 
being built by Jet Propulsion Laboratory for 
the NASA are shown in this close-up 

of a scale model. 


A $34,833 contract to study the effect of surface coatings on the 
behavior of materials has been awarded to The Martin Co.'s Research Institute 
for Advanced Study, 7212 Bellona Av. , Baltimore 12, by the U.S. Army Ordnance 
District, Philadelphia, This area of basic research has been investigated 
extensively by Russian scientists, but has been neglected largely by the West, 
One interesting application developed by the Russians has resulted in improved 
methods of rock-drilling. 














new techniques 


Development of a system using electron beams to make 
semiconductor devices, such as diodes, has been announced by CBS Laboratories, 
High Ridge Rd, , Stamford, Conn, The study, under sponsorship of the U.S. Army 
Signal R&D Laboratories, Ft, Monmouth, N.J., demonstrated the advantages of 
control over small dimensions and the possibility of automated production of 
small, intricate structures with consequent savings in cost, 














The Navy has awarded a $506,861 contract to IBM's Federal 
Systems Div., 326 E, Montgomery Av., Rockville, Md. , to develop a high volume 
production system for the continuous manufacture of ultra-reliable thin film 
subassemblies, the potential building blocks of the next generation of electronic 
systems, The new system will be produced with technical guidance from the Naval 
Avionics Facility, Indianapolis, as part of the Bureau of Naval Weapons' 
industrial readiness program, 














A motion picture recording technique that permits observation of 
the interior motions of a simulated explosion (which previously could be inferred 
only from external photographic records) has been developed by the Explosion 
Dynamics Div., U.S. Naval Ordnance Laboratory, White Oak, Md. The technique, 
utilizing an electronic computer, provides rapid visualization of the solutions 
to problems of explosion dynamics and flow. For example, a solid cylinder of 
explosive contained in a steel shell was mathematically detonated on the computer 
and its recorded sequence displayed on a motion picture screen, The detonation 
wave, the outward motion of the steel cylinder, and rarefaction waves sweeping 
back into the gas were demonstrated clearly, 
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Another pioneering concept in the interpretation of practical scientific advances — the 
RESEARCH TRENDLETTER WEEKLY— will be published as the result of a continuing, 
three-year demand by readers of the Trendletter section in this magazine. 

If you are among I*R readers who have found the Trendletter useful, you will be inter- 


ested in our plans for expansion and development of the Trendletter into a weekly service. 


When publication begins this winter, the weekly Trendletter will replace the monthly 
section in Industrial Research. The weekly Trendletter will be similar to the section in the 
magazine, but in addition will: 

= Keep you appraised of your competitor’s latest developments. 

® Relate news of defense and industrial contracts to their possible impact on your com- 
pany and on the stock market. 

® Present applications of research in product development weeks before they appear in 
the technical press. 

® Point up trends in scientific research and technical advancement. 

® Describe what acceptance a new development is likely to have, and what project or 
process it might render obsolete. 

® Provide an idea file (three-ring punched) complete with source information. 

The Research Trendletter Weekly will do all these things every seven days—arriving 


air mail with Tuesday’s development news 


the morning of every 


Here is our Special Pre-Publication Offer: as a Charter Subscriber, you will receive the 
Research Trendletter Weekly at $50 annually—a savings of $25 a year over the regular price 
of $75. (It’s tax deductable if your firm does not pay the subscription cost.) We cannot repeat 
this offer after publication begins. 

Later, next winter, after you begin receiving the Trendletter each week, if you do not 
find it is the most helpful service that money can buy, simply return the issues received with 
a note giving us your honest opinion, and we will return your full payment. 





Industrial Research Inc. is the pioneer among publishing companies in filling 
the information gap between invention and production, between research and 
industry, between one science and another, and between scientists and manage- 
ment. The Research Trendletter Weekly—through speed of reporting and inter- 


pretative ability—presents a solution to the problem of how do you keep up 
with the significant scientific information from among the mass of technical 
data being published today. The Trendletter will arrive on your desk every 
Wednesday morning, with Tuesday's news... simply fill in the coupon below. 


Enter a one-year advance subscription (52 issues) to the Research Tre ndletter Weekly: 
SPECIAL NAME TITLE 
ADDRESS 


CITY STATE 


RESEARCH 
TRENDLETTER 


n additional bonus BEVERLY SHORES, INDIANA 


CHARTER 
SUBSCRIBER 
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Industrial diamonds cut practically everything... especially your production costs 
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Considering 

how well 

natural diamonds 
do these jobs 

may give you ideas 


Phe four grinding and -polishing 
jobs shown here span the 

fields of electronics, jewelry 
making, and metalworking. 

But they have one thing in common: 
in every case, natural industrial 
diamonds are doing the job 
quickly, economically and well. 


Polishing Drawing Dies r ~ Putting Mirror Finish (below) on hard . , 
ny Fi ale Ss. 
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hed in 15 minutes wit! er is applied with a wooden lap. The 
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‘ / 


excellent cutting ability 


lisher. Accuracies ar sur liamond paste speeds up the pol sh ng op | . } f ‘ | 
s greatly mproved eration, and has less tendency to distort couplet with fantastic endurance. 
1 with 100. 200 or 300 the true form of the tool-steel than methods . : 
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gle belt last longer than any other tools 
you can use. Your people 
spend more time producing, 
less time changing tools. 


If you cut, sharpen or smooth 

in your business, you quite 
probably can use natural diamonds 
to advantage. Test them against 
the method you're now using. 

You will see how efhcient 

and economical—a diamond can be, 
esper ially now. 


Best grit for metal-bond wheels 
developed by the Diamond Research 
Laboratory in Johannesburg 


\ new impact crushing method 

for natural diamonds is now 
producing the strongest and most 
durable diamond grit ever obtained 
for metal-bond wheels. Your tool 
and wheel manufacturer is ready 

to help vou select the diamond tool 
that’s right for your job. 
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‘ 
c l SIDE FROM POLITICS and perhaps the state of 
business, the two subjects of paramount interest 
today are probably research and development, and 
the shortage of scientists and engineers. There is 
ircely a dissent raised against the importance of 
need for even more research and development 
we now have. And it is generally admitted 
least for some decades the number of sci- 
entists and engineers cannot have increased pro- 
portionately. According to the National Science 
Foundation, the cost of research and development in 
the United States will be of the order of $14-billion 
this year. To paraphrase Malthus, the supply of 
technical talent increases by arithmetic progres- 
ion, whereas the demand has been increasing by 


eometric progression 


Qh yAir 


Ordinarily, when a thing is in short supply, price 
increases and efforts are made to use the scarce item 
more efficiently and economically. Nevertheless, 
several broad surveys made recently have shown 
that scientists and engineers dre used in their pro- 
fessional fields only a small fraction of their time. 


A failure of industrial management 


This apparently uneconomic use of engineering 
talent is astonishing, especially in the light of ad- 
ditional pressures such as the cost-price squeeze, 
the stimulus for good professional working condi- 
tions, and the genuine desire to make technical 
men’s work satisfying through meeting worthy pro- 
fessional challenges. 


A primary cause of the poor utilization of engi- 


Peck 


16 Te search 





neering talent appears to be a failure of industry 
to devise management techniques for the optimum 
use of scientists and engineers. Optimum manage- 
ment techniques have been too confined to business 
administration, staff administrative procedures, and 
markets and sales. They have not been extended 
fully to include technology. 


An effective vehicle for reorienting management 
inheres in a simple philosophy: regard all applied 
science as a continuous spectrum of technology, 
which it truly is. Economy of operations eventually 
will dictate that industrial research and develop- 
ment will adopt this “spectrum theory,” and view 
applied science (technology) and all other activ- 
ities of a company as an interrelated whole. 

At first glance it may seem anomalous to advo- 


Maj. Gen. Leslie E. Simon (Fet.), 
staff director of research, 

The Carborundum Co.., 

attempts in this article 

to reorient technical 

management into 

regarding all applied 

science as a 

continuous spectrum 

of men and 


technology 





The advancing wave of technology had to await prior 


cate regarding all applied science—from research 
to engineering on the production line—as a con- 
tinuous spectrum of disciplines that can be admin- 
istered advantageously by a single management. 
Undoubtedly, there are those among us who can 
remember when the single management of an en- 
gineering department administered all engineering 
of the company (including all scientific activities, 
if there happened to be any). 


Stimuli to the spectrum theory 


Perhaps, the same reminiscent individual also can 
remember the bitter struggle of those who partici- 
pated early in industrial research to get out from 
under the dominance of the stodgy old engineering 
departments, so they could try their wings and 
really do R&D. Is the treating of all applied science 
as a single, closely-related and collective group 
advocating a return to the status quo of the “bad 
old days?’ 

The answer is no. The spectrum theory advocates 
returning research and engineering to a single or- 
ganization (together with several other things), but 
in no sense returning to the antagonisms of the bad 
old days. In fact, some industries already have 
returned to an even closer working relation between 
research and engineering than ever has existed 
before. What was ill for research two decades ago 
may be indispensable to the efficiency of both re- 
search and engineering in today’s increasingly fast- 
paced technology, where you even find companies 
with more technical workers than production 
workers 

In the interest of proper perspective, let us 
examine briefly three periods that can be classified 
roughly as pre-World War II, the decade of 1941-50, 
and post-1950. Because we cannot look too far into 
the future (and for purposes of argument, it makes 
no difference), let us call the third period 1950-70 


Machine age and invention 


In the period prior to WW II we had highly 
mechanized production, engineering associated with 
design and production, and invention, but very 
little industrial research worth the name. New 
things came from inventors who, by and large, 
happened to stumble upon a new thing in much 
the same way that the gold prospector of ’49 stum- 
bled upon a gold nugget. 

The engineering departments were very practical, 
which is another way of saying highly empirical. 
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They had to be, or somebody would get fired. They 
would accept an invention, if its value were demon- 
strated effectively and if it were conspicuously gilt- 
edged. But inventors were regarded as a queer and 
unreliable lot. Actually they were marked variants, 
for the orderly process of basic research, engineering 
research, development, pilot-lining, manufacturing, 
and marketing was yet to be discovered. 

If the lone inventor’s achievement of a success- 
ful new product is comparable to the lone pros- 
pector’s finding of a nugget, we had yet to learn a 
lesson from the successful gold mining companies 
who get more than 95% of their gold from the 
orderly process of refining gold dust, not from 
nuggets. There was little acceptance of scientists 
except in the universities. And although the colleges 
graduated few scientists and engineers as compared 
with the current output, they were not in great 
demand and were relatively low paid. 

As late as the third decade of the twentieth cen- 
tury, Dr. Thornton C. Fry, of Bell Telephone Lab- 
oratories, stated publicly that he believed himself 
to be the only full-time mathematician employed 
for industrial work! There was no need to take 
special measures to employ the engineer for a 
maximum of time at his highest skill; if his useful- 
ness was not promptly and patently apparent, he 
was fired and another employed. 

Contrast the pre-WW II demand for technology 
with today’s. The federal government now spends 
of the order of $9-billion on R&D annually, where- 
as it spent only about a thousandth of that per 
year before WW II. 

However, let us note that slowness in the efficient 
use of technology does not necessarily imply uni- 
versal intellectual slowness. By way of contrast, the 
early part of the 20th century saw great advances 
in shop management, such as the Taylor System, 
and marked advances in scientific business adminis- 
tration, such as the methods taught by the Harvard 
Business School. 

The economic advantages of scientific business 
administration were recognized, whereas the advan- 
tages of scientific administration of research and 
engineering were not. R&D was still too young 
and too little understood. Even the great leverage 
power of engineering was not yet fully realized and 
there was little incentive for the economic utiliza- 
tion of engineers, when engineers (except for those 
who became managers) were cheap and not in 
short supply. 


ecognition of the advantages of scientific R&D administration. 


The scientific decade (1941-50) 

WW II focused attention on science and engi- 
neering. Destructive as wars are of life and property, 
some serendipitous benefits generally result. The 
Spanish-American War stimulated the birth of the 
National Academy of Sciences. WW I ushered in 
the National Research Council. WW II brought the 
birth of the National Defense Research Council 
(NDRC), which was succeeded by the Office of 
Scientific Research & Development (OSRD), both 
under Dr. Vannevar Bush. WW II also brought 
great military research and development activity 
by the few old and many new laboratories of all 
belligerent governments to improve armaments. 

Among conspicuous results were radar, the A- 
bomb, jet aircraft, electronic digital computing, and 
widespread practical use of statistical methods, to 
mention only a few. Without the stimulus of WW II, 
both the scientific age and the automated and 
highly technological times in which we now live 
might have been delayed much longer. 

[Editor’s note: Two diametrically opposed con- 
jectures have been made with respect to the effect 
of WW II upon science. One side argues that the 
enormous stimulation of giant projects like the 
atom bomb helped science. The other says that the 
mobilization of men and money for war was a di- 
version away from science. An interesting idea, 
discussed in the new book Science Since Babylon 
(Yale University Press, 1961) by Yale’s Derek J. 
de Solla Price, holds that neither of these things 
happened—or if they did, they balanced each other 
so effectively that no resultant effect can be found.] 

The end products of R&D had wide popular 
appeal, although the rather unplanned method by 
which they came about was understood incom- 
pletely. Research and development became very 
popular, scientists became respectable, and scien- 
tists and engineers were in demand. 

Yet during the postwar lull (1946-50), not very 
much was done about the shortage of engineers, 
other than more and more “help wanted” adver- 
tisements in the Sunday New York Times. Research 
and development had not yet experienced the ex- 
ponential expansion of the 1950s and the demands 
for economy of operations associated with the price- 
wage squeeze were not acute. Whereas there was 
some thinking about the supply of and the effective 
use of engineers, as demonstrated by our concern 
about education, the general attitude was rather 
one of sitting back and waiting, letting the situa- 
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Maximum use of engineering talent is possible... but furs 


tion by itself develop to a state of greater clarity. 

Unless you are associated with some of our in- 
dustries on the forefront of the advancing wave of 
technology, such as missiles, aircraft, and electron- 
ics, it is difficult to comprehend and accept the 
acceleration and ever-increasing magnitude of 
changes going on around us. 


Our current age of technology 


Less than a decade 


talked boldly of 


projects, 


ago, we 


“telescoping” on high-priority when we 
ventured to begin the manufacture of engineering 
test models before component tests were completed. 
Today, 


of the components have been proved out to have 


production lines are started before enough 


full tests of sub-systems. 

In some industries, not only have the dividing 
lines between research and engineering all but dis- 
appeared, but there is no pause in the transition 
from engineering to manufacture. The same kinds 
of people, if not the same people, are exercising 
control throughout. Organizational and managerial 
steps that we take under the pressure of expediency 
surely should prompt us to consider how we can 
take similar steps to improve our economy of time 
and effort on a deliberately planned basis. 

Concurrent with the compression of time, four 
changes noted—allocation of 


important must be 


costs, allocation of people, speed of obsolescence, 
and new technologies used: 

s So-called “engineering costs’”’ often exceed the 
cost of production, not only in missiles but some- 
times 1n jet aircraft 

s In many companies, technical personnel are 
almost as great or greater in number than produc- 
tion personnel. 

s Advances in miniaturization are so swift that 
miniature electronic real 
micro- 


designs do not get into 


production before they are succeeded by 
miniature designs. 

s Statistical methods such as “reliability” 
[Editor's note: The 


reliability” to cover a 


now 


permeate industry. author 
yined the word hybrid 


of statistical quality control, engineering, 
T he the 
! others in Army Ordnance as a necessity 


tting the NIKE The 


PERT” system, born in 1958 of a Navy project 


ment svstem was devised by 


; 


missile operational. ] 


1 Statistical approach to planning, scheduling, 
view, and evaluation already is used widely with 


Variat 


ons in the aerospace industries. 


Whereas the shortage of engineers is now well 
recognized, the remedial measure most discussed- 
larger enrollment of engineering students—is almost 
certain to be inadequate and slow. In fact, there 
are strong reasons for believing that, despite best 
efforts, the shortage of technological talent is here 
to stay for a long time to come. 

The intensification of scientific and engineering 
education is fine, but the increase in scientists and 
engineers is not going to be proportional to the 
increased college enrollment. Any large increase in 
quantity of engineering students is almost sure to 
involve some decrease in quality, when we already 
are trying to educate too many young people who 
simply are not college material. The graduation of 
unqualified persons is tacitly recognized by indus- 
try’s demand for persons in the upper third or 
upper half of the class. 

However, it should be noted that those who do 
not have real professional ability could be utilized 
to excellent advantage as sub-professional techni- 
cians—if only their work were dignified by status, 
title, and emoluments, and if only we would arrange 
the spectrum of our technical work so as to utilize 
them effectively and give them opportunity for 
pride in their work. 

Aside from the long-term viewpoint, relief from 
the shortage of technical talent is needed before 
educational programs can bear fruit. If and when 
the supply is increased, the demand will be in- 
creased even more because of forces already in 
operation. For example, the wage-price squeeze and 
the foreign competition squeeze call for more auto- 
mation as an alternative to reduction of our stand- 
ard of living, thereby adding a positive second 
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derivative to the already upward curve of demand 
for technology. 


Prerequisite to spectrum operation 


Knowing oneself is often prescribed to a young 
person as a prerequisite to planning a career. A 
company, no less than an individual, first should 
know itself in all of its fundamental aspects—its 
physical, intellectual, and intangible assets and lia- 
bilities—before planning a serious organizational 
step. Like a rational individual, a company, should 
outline its objectives and its policies and procedures 
for achieving them. It is then ready to define op- 
timum managerial procedures and a most effective 
organization. 

How then may we go about rearranging a com- 
pany so as to maximize use of the engineer, and 
incidentally increase the use of the sub-professional 
technicians? Fortunately, the answers to many seri- 
ous problems are simple, at least in principle. Here 
is one possible procedure: 

= Step 1: inventory of technical functions. Examine 
everything which has a reasonable bearing on tech- 
nology that the company or each division of the 
company does (not how it does it). It is important 
that this examination be done, not by enumerating 
the operations actually performed, but by classify- 
ing each operation in its general functional category, 
while at the same time relating it to the type of 
knowledge required to perform the function. 

You would not record ““Test coils of wire received 
for tensile strength.” Instead, you would have such 
functional categories and sub-categories as (1) 
raw materials, (a) inorganic components, (a-1) 
minerals. You also would have a parallel list of 


1 company must know itself in all its fundamental aspects. 


categories of type of knowledge required, for ex- 
ample (1) bulk properties, (a) physical composi- 
tion, etc. Thus, the testing of coils of wire received 
for tensile strength would be recorded as “minerals 
—bulk properties,” and this would be a technical 
function. 

In discussing disciplines in step 2 below, we shall 
see that this technical function, if highly repetitive, 
would be associated with a sub-professional tech- 
nician. But if it pertained to many kinds of wire 
and required judgment, you would associate it with 
a mechanical engineer. Finally, you might make it 
(but grudgingly) a minor additional duty of almost 
any engineer or physicist, provided the function 
occurred only infrequently. 

Unless this classification of the observed function 
by technical relation is observed faithfully, the 
inventory will tend to be a mere enumeration of 
product operations. Instead, it should be an enum- 
eration of abstract technical functions that provide 
a common denominator for a transition from what 
one does to the kinds of disciplines one should ex- 
ercise in doing it. Various systematic approaches 
can be devised for simplifying the inventory pro- 
cedure and insuring that the end result will be in 
terms of categories of functions that can be related 
to the exercise of disciplines. 

a Step 2: identification of disciplines. Each technical 
function (a functional category plus a category of 
type knowledge) will require for its execution the 
exercise of knowledge that is derived from a dis- 
cipline. Identify each of the technical functions with 
disciplines; that is, skills or abilities ordinarily 
taught in universites or acquired in normal work 
experience to the extent of achieving both a skill 
and a basic understanding thereof. Do not include 
work experience peculiar to a company or product, 
nor work experience in which the operator merely 
is exposed as a witness to the discipline. 

Note that a major work operation in a company 
may require, and usually does require, the exercise 
of several disciplines, and that a specific discipline 
will occur again and again relative to various tech- 
nical functions. 

The identification of disciplines may sound easier 
than it is. Actually the procedure of classifying 
operations performed under functional categories 
plus types of knowledge, and then relating the 
technical functions thus derived to disciplines, must 
be repeated several times. For example, the pro- 
cedure must be repeated once for scientific know- 
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People are the most important element in research and engineering 


and once 
Some such 
3s is necessary because you cannot 


imensional space while confined to 


tedium is well rewarded because 
edure identifi the unteractions 
(our categorical expression ol 

pe f knowledge required” (there 


ind disciplines 


technical j 


inctions); 
natters that merely may be sensed, at 
than clearly understood, even when 
nen are hired to do specific jobs 
is a highly abridged presentation of the 
procedure for inventory of technical functions and 
identification of the disciplines. It is given, net to 
be useful in doing such an analysis, but to throw 
light on why and how treating all technology as a 
ontinuum of applied science affects an economy in 
scarce technical personnel. The two steps—inven- 
tory of technical functions and identification of dis- 
ciplines—will accomplish several things: 
es Identify the nature and extent to which ap 
plied science is required in all operations of a 
company 
s Define the nature of each respective require- 


ment 


# Provide a basis for determining approximately 


how many technical people really are needed 


Minimum requirements for technical men 


At this point we know in an ideal sense what 
ciplines are required in the company. From the 
number of times that each discipline is required, 
assess, at least relatively, the amount or 

of the requirement for each discipline 
selecting one or more disciplines as a base, 
ing out through trial-and-error techniques 
persons are required in the base dis 
ve can estimate approximately the mini- 
umber of persons required to do all the 
technical functions. This, of course, as- 
ing a person in his discipline of highest 

jority of the time 

omprehensive knowledge of the quantity 
ol ipplied science required by the com- 
the nature of each requirement readily 
ile, you now can set about designing an or- 
zation for maximizing the use of the scientist 
ngineer. Subsequently, various practical con- 


tior 


ions will require modifications of the organi- 


zation. These will tend to degrade the maximum use 
of the engineer, but his employment still will be 
relatively efficient. 

Technical functions and disciplines should be 
studied objectively and jobs or positions should be 
made from a concentration of technical functions 
that are dependent on the knowledge associated 
with a discipline or a knowledge of a minimum of 
disciplines 

With these points in view, the manager thor- 
oughly conversant with a company can readily 
outline a chart that will show how technology 
should flow from groups of disciplines to other 
groups of like or different groups of disciplines 
throughout a company. The Carborundum Co., fo 
example, could be charted as shown on page 60. An- 
other type of company would take a different chart 

In addition to being consistent with disciplinary 
integrity, the chart should provide: 

s An orderly and efficient horizontal flow of each 
kind of technology from division to division that 
extends from the disciplinary group of highest level 
of ability (staff) to the echelon that requires only 
the lowest competence (manufacturing). 

s A clear channel of communication vertically 
through the different disciplinary groups, or sections 
within each major division. 

This type of chart has nothing to do with people. 
In fact, it is best to regard the smallest sub-groups 
shown (sub-sections in the illustration) as technical 
elements. In a flow chart of technology, such as the 
one for Carborundum, there may be some operating 
divisions in which one or more technical elements 
will consist of only one man. Sometimes a man will 
supply two or more technical elements. 

In some operating divisions, it may not be eco- 
nomical for the operating division to maintain the 
technical element. Instead, it may be more econom- 
ical to obtain the required technology as a service 
from another operating division or from the research 
and engineering division. 

Smallness of demand for a certain type of tech- 
nology does not imply absence of the technical 
element, or that it should be neglected, or that an 
engineer should be hired who would be utilized 
poorly. It means only that the economical supply 
of that type of technology is an organizational prob- 
lem (for which there should be several reasonably 
good solutions), and that steps one and two have 
done a valuable service in bringing the condition 
to light. 





Manpower for spectrum operation 


Nothing is more important to research and en- 
gineering than people. Yet, if you are going to 
design and man an organization so as to achieve 
the advantages of treating all applied science as a 
continuum, it is best that you blank out, at least 
temporarily, the intuitive way of viewing a company 
as a network of individuals each responsible for an 
area of products or an area of business. Instead, 
you should view the company, insofar as technology 
is concerned, as a complex of requirements for 
packages of applied science (one or more technical 
elements), where the package must admit of being 
supplied by a person who is competent in a dis- 
cipline. 

Thus, the organizer tries to end up with a group 
of persons each of whom primarily exercises the 
discipline of his special competence, but arranged 
by virtue of communication and position so as to 
be able to act readily in these ways: 

s Each person should be able to join easily with 
colleagues of other disciplines for the solution of 
today’s problems, the majority of which are solved 
best through the mingling of and interaction be- 
tween diverse disciplines (the antithesis of the com- 
partmentization imposed by many organizations). 

s Insofar as practicable, each person represent- 
ing a certain degree of competence in a discipline 
should be able to have ready access to a person of 
higher competence in his discipline for assistance on 
phases of problems that may be beyond his capa- 
bility. Similarly, he should be able to pass the 
problem down to someone lower in the hierarchy 
of his discipline, if the problem, or significant phases 
of it, does not require his degree of competence. 

With this viewpoint in mind, let us return to the 
output of steps one and two. These two steps have 
analyzed the amount and kinds of disciplines that 
must be exercised to do all the work of the company. 
But except for the guidance of the flow chart of 
technology, there has been no inference of order or 
arrangement with regard to the component parts 
of the company’s technology. 

Note that the technical functions probably were 
not jobs in the old organization, and only rarely 
should a technical function happen to be a job in 
any new one. In short, all of the pieces of the puzzle 
are present. The task is one of assembling them in 
an optimum manner. One possible procedure is: 

s Examine the frequency of occurrence of each 
discipline—for example, inorganic chemist—and re- 


ut a company can’t be viewed as a network of individuals... 


late the level of knowledge required to the several 
technical functions that caused the recording of the 
discipline. 

s Observe what technical functions that relate 
to a single discipline (or at worst, a very few closely 
related disciplines) admit of being collected together 
as a rational sub-group, where the technical func- 
tions require, insofar as practicable, about the same 
degree of expertness in the discipline. 

Later revisions and alterations of one’s work will 
be minimized if care is taken to avoid obvious anom- 
alies such as having a single exerciser of a discipline 
in two widely separated locations. These collections 
automatically become jobs for one person, if the 
implied work is consistent with what should be 
expected of a man, or for a number of like jobs, if 
the magnitude of the collection is great. 

If the data is valid and the collections rational, 
the created jobs ipso facto must utilize the incum- 
bent for a maximum of time in his primary discipline. 

s Make a tentative organization consistent with 
the flow chart, and arrange the corresponding jobs 
in such a way that the incumbent has clear channels 
of communication. This should be done laterally, so 
the employe can lend support to his colleagues when 
they have need for his specialty, and vertically, so 
that the incumbent can apply for help to a superior 
on problems that exceed his competence and dele- 
gate work to those beneath him on problems that 
do not require his competency. 

In practice, this procedure requires a mass of 
detail too voluminous to be given here, as well as 
some practical concessions in the interest of pre- 
serving the usefulness of some currently available 
persons. Furthermore, a plan should provide flexi- 
bility for change or expansion to meet changing or 
probable future conditions. The thesis is that the 
spectrum system is good—not that it is easy to 
design and install. 

However, one more matter should be presented 
that is important and easy, if the preceding analyses 
have been made. 

Most companies have job sheets or position des- 
criptions for at least their more important jobs. 
What they often do not have, and what is equally 
if not more important, is a clear delineation of 
requirements for each job. The job requirements 
should constitute a clear description of the kinds of 
knowledge and skills required and should define the 
formal training (education), informal training (rel- 
evant work experience), and other abilities that the 
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prospective incumbent of the job should have. For 
vach item under responsibilities in the position des- 
ription, there should be an enumeration of requisite 
training in the job requirements. 

If care relative to job requirements seems unim- 
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portant, let me ask how often you have written a 
job around a man? If you are guilty, it is proof that 
a subjective choice was made, instead of one based 
on a scientific analysis of the real requirements of 
the company. 





A continuous spectrum of technology 


results in a saving of personnel... 


If the process of making job descriptions matched 
against job requirements seems onerous, let us 
observe some of the rewards. 

The job requirements’ sheet is the test of the 
validity of the job description. It often is found 
that the better and more precisely a job description 
is expressed, the more nearly it is to impossible for 
the personnel manager to fill the job. The cause is 
not the careful delineation of the job, but the fact 
that a job has been selected and described that re- 
quires for its execution the possession of more kinds 
of knowledge and skills than a person ordinarily 
possesses. 

In these days of mobile and restless labor of all 
sorts, jobs simply must bear a relatively close cor- 
respondence to disciplines taught in colleges or 
acquired through normal work training. Hence, a 
statement of job requirements is an indispensable 
test of whether the rational sub-groups of technical 
functions, which became jobs, were really rational. 
If the formulation of requirements gives difficulty, 
you should review the job for rationality. 

It is relatively easy to devise a system of dividing 
the respective requirements into those for which 
formal training is highly desirable and those for 
which informal training is acceptable. You then 
can assign relative weights to the respective ele- 
ments so as to yield a numerical score for each 
prospective candidate for a job. Although the nu- 
merical score may not always be definitive, especial- 
ly when there is not a large difference between nu- 
merical scores, it is an excellent guide to judgment. 

The information for evaluating the merit of com- 
pany employes for newly created jobs, or vacancies 
for old jobs, can be obtained almost in its entirety 
from personnel department records. This is partic- 
ularly important if a reorganization is taking place, 
both from the viewpoint of preserving the services 
of old employes and from the viewpoint of filling 
those new positions that cannot be filled from 
within the company. 

If the above procedure is used, it is astonishing 
how much valuable, and perhaps only partially used, 
talent you can turn up in your own organization. 
Often you find that the kind of man urgently 
needed for an important new position in one division 
of a company is occupying a relatively low position, 
where he is used in poor degree, in another division. 
Companies have a great deal of talent hidden on 
their own premises. Too often, the more articulate 
person, rather than the more meritorious, is the 


one selected for advancement within the company. 
Some advantages of spectrum operation 


The observation on position requirements points 
to a marked advantage of spectrum operation to an 
individual and to a company. In actual practice, 
it was found that some divisions of a company that 
were trying hard to hire new engineers turned out 
to have enough, if not too many, of them. They 
were just not using them to full advantage. 

Some divisions had men who could be promoted 
in quite substantial degree by transfer to other 
divisions. In fact, almost all men benefited, except 
for a few old employes whose principal value was 
long work experience in matters peculiar to the 
company; useful places involving no demotion could 
be found for most of these, with little or no loss 
to the company through over-payment. 

Spectrum operation also provides a stimulus to 
professional and sub-professional staff members to 
improve themselves for advancement. Thus, having 
a continuous spectrum of technology results in a 
saving in personnel. It results also in a greater 
ability to use sub-professional technicians instead 
of professional people. 


Bridging research and production 


The continuum helps bridge the discontinuity be- 
tween research and development. The even worse 
gap between development and production (which is 
due largely to engineering’s being separate) prac- 
tically disappears. Orientation of the technical 
structure can be made to correspond more clearly 
to company objectives, and technology becomes 
geared to customer need and markets through the 
broadened outlook obtained from increased partici- 
pation in tasks that use diverse disciplines. 

The technical people are of greater value to the 
company and most of them thereby become better 
paid. The scientist or engineer is less constrained to 
do tasks that do not require his skill. He accom- 
plishes more and enjoys his work more, thereby 
enhancing employe satisfaction. His work with 
multi-discipline groups broadens his outlook and 
his exchanges of information through lateral and 
vertical communication give him wider interests. 
Hence, he is both a more useful and a happier man. 

Finally, any measure that better utilizes technical 
talent is good for the nation. For, unless we achieve 
scientific and technical efficiency, we cannot con- 
tinue to compete successfully in world markets. = 
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CHECKLIST FOR MORE INFORMATION 


NEW PRODUCTS 


SILICON POWER TRANSISTORS that provide 
lower heat sink size, a higher allowable ambient, im- 
proved control range, and upgraded circuit reliability 
can be used to replace germanium units to meet exact- 
ing high power applications. For additional information, 
write to Westinghouse Electric Corp., Semiconductor 
Dept., Youngwood, Pa. 


OPTICAL GAGE that provides direct measurement 
to 0.0001 in. over a 3-in. range, and new interference 
filters, diffraction gratings, and grating monochromators 
for specific light wavelengths are now available. Write 
for Catalogs D-285, D-248, D-261, or D-259, respec- 
tively, to: Bausch & Lomb Inc., 81823 Bausch St., 
Rochester 2, N.Y. 


PRECISION MEASUREMENTS in the dc-to-15 
mec region can be obtained incrementally along a com- 
plex waveform with a new oscilloscope. The delayed 
sweep feature permits high magnification of a selected 
portion of an undelayed sweep, with magnifications up 
to 10,000 times. For information, write to Tektronix 
Inc., P.O. Box 500, Beaverton, Ore. 


|} MAGNETIC SHIELDING FOILS permit close 
positioning of foil-wrapped components for compact, 
less-costly systems. The foils also are suitable for pro- 
tecting magnetic tapes during transportation or storage. 
Write for details to: Magnetic Shield Div., Perfection 
Mica Co., 1322 N. Elston Av., Chicago 22. 





Mark your nuclear calendar 


ATOM FAIR 


NOVEMBER 6-9 
CONRAD HILTON HOTEL 
CHICAGO, ILL. 


The Atom Fair is held in conjunction with 
the annual meetings of the American Nuclear 
Society and the Atomic Industrial Forum. For 


complimentary exhibit passes write today to: 


ATOMFAIR 
850 Third Avenue 
New York 22 











INDUSTRIAL RESEARCH—NOV, 1961 


© THREE DIMENSIONAL MAGNIFICATION that 
detects any irregularity in critical devices such as 
atomic reactor emergency shutdown springs is possible 
with a new zoom-type microscope. For additional in- 
formation, write to: Bausch & Lomb Inc., 93018 Bausch 
St., Rochester 2, N.Y. 


NEW IDEAS 


© POLISHING DRAWING DIES, putting mirror 
finish on hardened steel part for a forming die, grinding 
ceramic wafers for nuvistor tubes, and servicing high- 
speed carbide dies are some of the new applications for 
natural, industrial diamonds. Diamond tool information 
is available from Industrial Distributors (Sales) Ltd., 
London. 


1 COMMUNICATIONS SYSTEMS that transmit 
large volumes of business data, remotely control other 
machines, and supervise operations and processes from 
a central station can be used simultaneously for tele- 
phones and teletypes. For additional information, write 
to Lenkurt Electric Co. Inc., San Carlos, Calif. 


0 A LOWER TAX RATE is one inducement offered 
to companies seeking new plant locations. A confiden- 
tial survey of proposed plant sites in New York State 
can be obtained by writing on company letterhead to: 
Com. K. S. McHugh, Dept. of Commerce, Room 3204, 
112 State St., Albany 7. 


0 FLUID SILICONE RUBBER permits quick pour- 
ing of simple cavity or split molds from an original 
model. The rubber sets up at room temperature in 
minutes or hours depending upon the system selected. 
For detailed information, write to Dept. 6312, Dow 
Corning Corp., Midland, Mich. 


0 IN NEED OF VENTURE CAPITAL to expand 
a scientific project or a technical company? A leading, 
New York Stock Exchange-listed firm invites you to 
bring to its attention your project or company in need 
of financing. Write for brochure, “Creative Capital,” 
American Research & Development Corp., The John 
Hancock Bldg., Boston 16. 


© HIGH CAPACITY air conditioning in small space 
is provided by a liquid absorbent system that removes 
moisture by contact with a liquid in a small spray 
chamber. For additional information, write for Bulletins 
112 and 131, Niagara Blower Co., Dept. IH-11, 405 
Lexington Av., New York 17. 


0 10-BILLION DOLLAR consumer market is avail- 
able to industries seeking plant location sites with a 
favorable tax structure. For information, write to Mr. 
Wendell Jarrard, chairman, Florida Development Com- 
mission, Box 4114B, Tallahassee. 


© A FRESH APPROACH to product and market 
development for the construction industry is available. 
For definitive brochure, write to The Cerand Corp., 
Dept. 30, 285 Columbus Av., Boston 16. 


[1 PRECISION ETCHING TECHNIQUES that per- 
mit the fabrication of all common metals into the most 
complex shapes and any hardness or thickness are now 
available for thin metal parts. Write to the Mowbray 
Co., 23 Peck St., Providence, R.I. 


EMPLOYMENT 


O PHYSICAL RESEARCH & ENGINEERING op- 
portunities available in the semiconductor, magnetics, 
solid state, and low-temperature electronics fields. Write 
to: Mr. T. F. Wade, Technice’ Placeinent, The Na- 
tional Cash Register Co., S. Main & K Sts, Dayton 
9, Ohio. 


0 A PLACE IN THE SUN is offered for your ideas 
in a receptive environment that permits an idea to 
achieve its fullest potential. For more information on 
employment opportunities, write to: Fairchild Semi- 
conductor Div., Fairchild Camera & Instrument Corp., 
545 Whisman Rd., Mountain View, Calif. 


(For more employment opportunities, see page 66.) 
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RESEARCH COMMENT 


Dr. A. 0. Beckman, president, Beckman 
instruments Inc., before Western 
Electronic Mfgrs. Assn., San Francisco: 


661 see evidence in some quarters of 


1 ‘second place-manship’ philosophy 
which flatly contradicts the pioneering 
electronics 


spirit proclaimed for the 


industry. This philosophy is translated 
into a business strategy that leaves the 
pioneering leadership to others with 


the aim of grabbing business through 
the quik k 


version of the 


production of a cheaper 


pioneer’s product. | 
think this is an exceedingly dangerous 
an industry which has based so 


much of its 


note ir 


success on basic innova 


tion 


Henry W. Harding, president, 

Laboratory for Electronics Inc., 

before N.Y. Security Analysts Society: 
More 


firms 


than one-third of the elec 
existence 


1975 


tronics presently «in 


mav be out of business by as a 


result of a generally decreasing growth 


rate in the electronics industry during 


the next few years 


“At this lower growth rate, the in 


dustry is going to find it increasingly 


difficult to absorb and justify the ex 


tremely high cost of research and de 


velopment and engineering of 
types 
of changes in market ‘shares’ 
vs. industrial vs. consumer 
placement 


to happen 


of sharply increased business mortality 


rates.” 


Sen. Hubert H. Humphrey (D. Minn.), 
appeal for basic research funds 
before the Senate: 


“It is an unfortunate 


judgment, that the full 


quested in the budget presentation by 
the Department of Defense for basic re 


search were not approved by our Sen 
ate committee or by 
Not 


mittee on Appropriations 


DRY and CLEAN AIR at the RIGHT TEMPERATURE 


For Processes or Material Demanding 
Precise Control, Use Niagara Liquid Ab- 
sorbent Air Conditioning. 


This compact method, giving high ca- 
pacity in small space, removes moisture 
from air by contact with a liquid in a 
smal! spray chamber. The liquid spray 
temperature and the absorbent 
concentration, factors that are easily and 
positive ly controlled, determine exactly 
the amount of moisture remaining in 
the air 

Most effective 
moisture aS a separate 


contact 


because it removes 


function trom 


cooling or heating and so gives a pre- 


Write f 


cise result, and always. Niagara ma- 
chines using liquid contact means ot 
drying air have given over 20 years of 
service. The apparatus is simple, parts 
are accessible, controls are trustworthy 

Most reliable because...the absorbent 
is continuously reconcentrated auto- 
matically. No moisture-sensitive instru- 
ments are required to control your con- 
ditions...no solids, salts or solutions of 
solids are used and there are no corro- 
sive or reactive substances 

Most flexible because...you can obtain 
any condition at will and hold it as long 
as you wish in either continuous pro- 
duction, testing or storage. 


r Bulletins 112 and 131 and complete information on your air conditioning problem 


NIAGARA BLOWER COMPANY 


Dept. IH-11 405 Lexington Ave., New York 17, N. Y. 
Niagara District Engineers in Principal Cities of U.S. and Canada 
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proto 
If one adds to this the effects 
-military 
and re 
one can see what is about 
an exacting toll in the form 


fact, in my 


amounts re 


the House Com 


only 


should the full been 
approved, but larger sums should have 
been requested for the next fiscal year 

“Basic research provides the indis 
pensible foundation for expanding 
the revolutionary 
weapons systems of tomorrow. There is 


amounts have 


knowledge for 


not a single major advanced weapons 
system today—whether it is nuclear 
missiles, or 
— which have 
been possible without basic research 

“In addition, the byproducts from 


basic 


weaponary, guided 


other 


any 


weapons would 


research, as supported by the 
Department of Defense, tend to repay 
themselves manyfold in terms of even 
tual civilian-type advances, useful to 


our entire population.” 


Brig. Gen. David Sarnoff, chairman, 
Radio Corporation of America, before 
the National Press Club, Washington: 


“The much-debated question of sat 
ellite ownership is, in my opinion, far 
important at 


less this time than the 
adoption of the right system at the 
earliest possible moment. I believe that 
if we coordinate our knowledge and 
our skills, formulate a definite plan 
and concentrate on our objectives, we 
can be the first nation to establish and 
operate a satellite 
communications. This would be a dra 


global system of 
matic advance in the use of outer space 
for peaceful purposes. It would benefit 
all mankind and give an effective dem 
onstration of American initiative, v igor, 
and leadership.” 


Bay E. Estes Jr., vice-president, 
U.S. Steel Corp., before the 
Industrial Designers Institute, Chicago: 


‘In our country, cult of growth for 
sake, progress, 
but looking very much like the statism 
that 
loudly proclaiming its supposed super 


growth’'s parading as 


other lands have accepted, is 
iority over our traditions of individual 
dignity and liberty 

“We speak of ‘the economy’ as if 
it were a machine and we chart its 
‘growth’ in dollars of ‘gross national 
product,’ which are as fictional in 
real 
We ignore the re 


ality that the economy is not products 


meaning as they are diluted in 


value by inflation 

it is people— and economics is not 
statistics but rather the material mani 
festation of human action and the satis 
factions underlying freedom of choice.” 


Philip Sporn, president, American 
Electric Power Co., energizing 
ceremony, Apple Grove Project, W. Va.: 


“Looking ahead to the year 2000, 
electric energy generation, which last 
year amounted to close to 750-billion 
kwh, will by the year 2000 equal 6 
trillion kwh, an eightfold growth in 


the 40-year period. The capacity to 





supply this energy obviously will have 


to grow almost as much. Compared 
with 175-million kw of installed capac 
ity in the industry in 1960, the year 
2000 will see an installed capacity of 
1,250-million kw 

“This vast increase in the scale of 
electric energy production will be ac 
companied by major changes in the 
scale of electric generating facilities 
We are 
coming into an era of a million kwh 


With this 


the era of 1,000 megawatts at a single 


rather quickly and quietly 


in a single generating unit 


plant location has come, and had 


hardly the time to take a bow, when 
it was pushed out of the way to make 
room for the 2,000-, 2,500-, or 3,000-mw 
plant at a single location. Such plants 


are well on the way 


Dr. L. M. White, research director, 
U.S. Rubber Co., before a group of 
college teachers, Rochester, N.Y.: 

Many 


System are 


critics of our educational 


unduly preoccupied with 
those few brilliant students, the less 
than 5 Equal concern should be felt 
for the 957 


will build and operate our automatic 


of our young people who 
machines, grow crops for our expand 
ing population, run for our highest 
offices, fill the 


teaching 


increasing number of 
vacancies in our classrooms, 
and, we hope, vote intelligently 
Train in breadth the mass of the 
people and we will have better man 
aged companies, more conscientious 
unions, an informed electorate, and a 
nation anxious to preserve its free 
Concentrate on the few and 


take over the 


doms 
possibly the few will 


thinking function.’ 


T. A. Smith, executive vice-president, 
RCA, before the Army Management 
School, Ft. Belvoir, Va.: 

American business must match the 
information-handling efficiencies of its 
electronic systems with equivalent ad 
vances in the art of human communi 
cations if it is to achieve its long-range 
goals. The computer age is populated 
by a 1960 model human being much 
like the 1950 version, with an appetite 
for information far stronger than that 
of the 


chine 


most voracious business ma 


John J. Burns, president, RCA, 
in commencement address at California 
Institute of Technology, Pasadena: 


“Bionics aims at studying living 


creatures, such as birds, in the hope 
of indicating by electronic techniques 
their marvelous mechanisms of com 
munications and control. I am just 
waiting for some television comedian 
to say, ‘Electronics is for the birds.’ 
He probably will never know what a 


profound statement he made.9 9 


IN DEBT-FREE 


Florida DIRECT STATE 


‘Taxes are 
less than 1/2 


THOSE PAID BY BUSINESS IN AN AVERAGE 


of all 50 States 


TAXES PAID DIRECTLY BY BUSINESS- 
8.46% 
18.28% 
19.26% 


PROFIT-ORIENTED FLORIDA PAVES THE WAY FOR 
MANUFACTURERS... LARGE OR SMALI 
One of the most promising benefits a manufacturer enjoys in moving 
to Florida is the favorable tax structure. There are no state or loca 
ncome taxes no state ad valorem tax on personal or intangible 
property and no state inheritance tax. In many cases there are 
specific tax benefits for individual industries 


FLORIDA AS A MARKET 

Florida is leading the nation in growth of both consumer markets and 
industrial markets. Projected population increases in Florida are stag- 
gering, not only in the number of people moving here—3,000 a week 
but in the fact that they are people who will be making money here 

The increase in population is accompanied by an average increase 
in individual effective buying income 

Today, 6,000,000 residents and 12;000,000 annual visitors have 
created a 10 BILLION DOLLAR CONSUMER MARKET. Small 
ndustry is truly the big picture in Florida right now. Florida's major 
corporations have grown so fast, there is a gigantic demand for sup- 
porting manufacturers and service. We have a list of needed industries 
on file. These industries can practically be guaranteed a substantial 
market before they move their plant 

WRITE, WIRE OR PHONE... 

Contact the Florida Development Commission. We have complete 
files of industrial classifications, showing exactly what supporting 
industry is needed in Florida. We will be able to tell you within 
24 hours what companies require your type of manufacturing and 
service facilities. On your request, a highly trained and well informed 
ndustrialist will visit you. He will bring a complete report written 
specifically for your company. This report will show you the general 
costs for establishing your type of business in each of several Florida 
areas the locations of your sources of supply whom you do 
business with when you get here. All contacts with the Florida Devel- 
opment Commission are strictly confidential 


Investigate DEBT-FREE 


Florida 


Florida 
50 State Average 


Southeastern 12 State Average 


.--A 10 BILLION DOLLAR MARKET 
a aN a a eae ae Oe ae aa ae ae 


FLORIDA'S 
ASSURANCE 
POLICY 


You have my personal assurance 
f a sunny business climate here 
n Florida. You have positive assur- 
ance of every aid and assistance 
possible from our Florida Develop- 
nent Commission and from the 
yverwhelming majority of our busi 
nessmen, industrialists, and finan- 
1ers. We have everything to make 
your large and small enterprise 
healthy and successful. Write, wire 
or phone us TODAY. The only thing 
better than a FLORIDA vacation 
s having your plant here.’ 


gy 
4 


Farris aoa 


Governor 


a 


Mr. Wendell Jarrard - Chairman 
FLORIDA DEVELOPMENT COMMISSION 
Box 4114B, Tallahassee, Florida 


Please send me “Plant Location Guide,” containing 
all the facts about FLORIDA’S opportunities for 


New Industry, the 
SUMER 


10 BILLION DOLLAR CON. 


Natural Resources, Favorable Tax Structure. 


Name 
Firm Name 
e 


Address 
Ask about free film | 


"Profile of Progress” 


| 
| 
i 
| 
MARKET, Labor, Climate, Schools, | 
| 
| 
| 
| 
| 


Zone 


State 


oul 
ion 


on Florida's wonderful facilities for your group meeting 
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NUR 


PHYSICAL RESEARCH 
AND ENGINEERING 


Continued growth and lasting 
stability 


professional 


inderline the excellent 
opportunities at 
NCR’s Engineering and Research 
Center in Dayton, Ohio. Projects 
in progress require personnel for 
the following positions 


SEMI-CONDUCTOR PHYSICIST 


Ph.D. with 2-4 years of experi- 
semi-conductor develop 


ence in 


ment and applied research 


MAGNETICS RESEARCH PHYSICIST 


Ph.D. with 2-4 years of research 
ind development experience in 


field of magnetics 


SOLID STATE ELECTRONICS 
Ph.D. or M.S. in 


2-4 years experience in 
State Phy 


Physics with 
Solid 
sics and Electronics 


LOW TEMPERATURE ELECTRONICS 
Ph.D. or M.S. in 
experience in low 
field to work in 
search program 


Physics with 
temperature 
cryotron re- 


PHYSICAL CHEMIST 


Ph.D. with background and ex- 
perience in materials prepara- 
tion, in particular magnetic 
materials, thin films, inorganics, 
or semi-conductors 


To be considered for one of the 
above openings or others that 
may match your particular pro- 
fessional training, write now to: 
Mr. T. F. Wade, Technical Placement, 
The National Cash Register Company, 
South Main and K Streets, Dayton 9, 
Ohio. 


AN EQUAL OPPORTUNITY 
EMPLOYER 





INDUSTRIAL RESEARCH—NOV, 1961 


EMPLOYMENT 
CLEARINGHOUSE 


Positions wanted 


DIRECTOR OF ENGINEER- 
ING—BSME, graduate study and 
19 years of professional experience 
Intensive background in creative and 
administrative engineering areas for 
the past 10 years. Broad technical 
coverage in mechanical, plastic, 
rocket, and ballistic systems and 
components for aerospace. Ability to 
sell ideas in reports and direct pre 
sentation. Knowledgeable in sales, 
costing, manufacturing, and quality 
control 

Box 202, Industrial Research, 
Beverly Shores, Ind 


EXECUTIVE ASSISTANT TO 
PRESIDENT~—Are you looking for 
someone to lighten your work load, 
with skill and imagination? I can 
take charge of the administrative 
details of your office, provide co 
ordination and follow-up in the im 
plementation of plans and programs 

or oversee the formulation and 
execution of advertising and promo- 
tion plans and programs. I am now 
the director of advertising with one 
of America’s top corporations, pri 
marily involved in nucleonics, elec- 
tronics, aerospace, etc. College de 
gree, under 40, married, veteran, 
non-reservist, have “‘secret’”’ clear 
ance 

Box 205, Industrial Research, 
Beverly Shores, Ind 


RESEARCH DIRECTOR of 
medium-size electrical manufactur 
ing company finds advancement 
blocked by nepotism. Has solid en 
gineering background in electrical, 
mechanical, optical, and manage- 
ment areas. Proven history as an 
“idea” man. Age 45, BSEE, cur- 
rently at $25,000 plus. Prefer mid- 
west location, but might consider 
California 

Box 206, Industrial Research, 
Beverly Shores, Ind. 


ENGINEER ENTREPRE 
NEUR — Technical innovator with 
experience in foreseeing market po- 
tential in technical developments. 
Appreciation of economic value 


backed by scientific training plus 
extensive engineering experience 
Outlook is international in scope 
Skilled as a team builder; empha 
sizes goal-orientation and technical 
feasibility. Best contribution would 
derive from strong experience in 
liaison, contact, and coordination 
gained from current employment in 
development laboratory of leading 
U.S. manufacturer 

Box 207, Industrial Research, 
Beverly Shores, Ind 


Positions open 


MANAGER OF RESEARCH 

Advanced degree in sanitary or 
chemical engineering with 10 years’ 
experience in water and waste treat 
ment or related field. To direct 
R&D program of nationally known, 
progressive company. Will select 
own staff (ultimately 15 to 20 
A man of recognized professional 
standing and administrative ability 
is required, to originate and apply 
new methods and procedures to the 
development of new processes and 
equipment designs. 

Send resumé and salary require 
ments to Mr. S. Lenox, The Permu 
tit Co., 50 W. 44th St., New York 36 


MANAGEMENT-ORIENTED 
DESIGN/ENGINEERS Chal 
lenging, responsible positions in ex 
panding product development firm 
open to self-starting creative engi- 
neers. Require men capable of ac- 
tive design work with the ability to 
communicate with top management 
Optional stock purchase plan 

Norland Associates Inc., Fort At 
kinson, Wisc. 


CREE IAAI IAI IA III II IIIT) 
CEE SEESEAAI TATA I ITI IIIIIT 


CLASSIFIED RATES for this section 
are 50 cents per word, minimum 50 
words. Count box numbers as six words 
Closing date for both position-wanted and 
position-open classified ads to appear 
in the next, December, issue is Nov. 8 
Checks must accompany insertions. 

(Display ads also may be positioned in 
this section at regular display rates. For 
a rate and data card, write the Advertis- 
ing Dept., Industrial Research, Beverly 
Shores, Ind., or call any of our sales 
offices listed on page 68.) 





A MESSAGE DIRECTED TO ENGINEERS AND SCIENTISTS WHO HAVE RECEIVED THEIR 
DOCTORAL DEGREES AND ARE RECOGNIZED AUTHORITIES IN THEIR FIELDS 


KEARFOTT ANNOUNCES THE 
ESTABLISHMENT OF A NEW 
RESEARCH CENTER FOR THE 
AEROSPACE SCIENCES 


unde r the dire ction of Dr. Robe rt . Langford 


, upper atmosphere flight and 
hnologies are essential. Kearfott, long 
‘or control, navigation 
l allied areas, through 


> 
“ ret 
Research 


discrete R&D 


Dr. Langford Details Kearfott Philosophy of New Center 


“This will be a scientific com- RESEARCH e individual national agen independ- Oceanography —; 
munity entirely concerned RESPONSI! will guide nt ithoritl ap - em omar te 


with scientific and technical BILITY vn res¢ ren, TECHNICAL ‘ an ee the affart of « aie 
investigations totally divorced carling Hpon INFORMATION | t a per —rieng — 
from administrative or devel- er 1 weil 1 , dl “4 SERVICES 


opment re sponsibilitic s. 


Radiation Sciences _; 
pr pagat f 
“Principal Staff Scientists will frared 
gie 


report to the Director—without 
Astrospace Environments —to 


any intervening ‘level-of-com- 
: ear¢ es. a in order 
mand’ to obscure a research ' = ¢ ‘ hler ” ¢ ‘ 

Ly irn to < rT ) lien : : f vide an e perfect nder 


man’s ideas . os ciuae » tanding f env mental bounda 


CONSULTANTS “Arrangement ellent laboratory equipment, pace sy 
IN LEADING sve been made access to computer and data Hydraulics & Pneumatics — to 
THE CENTER'S “Study are INSTITUTIONS for consultation Ocessing services; private =, » full 
METHOD vill be related a REP gtcndice monte cena Rt R ay ory aiaiaena aca 
OF PROBLEM. closely as p aoc geass aay ng tae! ‘ENTER buildin PARCH Guidance & Navigation — terres 
SEEKING y' : aly try and abroa stimulating pleted in the summer of '62.” broader 


{ f fut 


jerstanding « 


1 system< 
} ystems 


jevelop z 


Fic Physics 


MEN WITH SCIENTI 
VISION it f 


a ere 
evelop and extend 


SERVE ON DOD “In the national nificant part it a Chemistry ne 
COMMITTEES interest, Center earch ca} tv of t range and 


ntists will a ae ee ; and rgar materials. Activity 


IpEr ation of organic 
he in hat > 
ree to act as w t both materials and 
OT ilt if > 4 ncies of the z ; 
OT I I a « 1! ile | at tnt j 
government and serve as de Metallurgy to serve as authority 
A al de ; ’ } on meta 


gical properties of Mod 


pr esses 


sired on committees of the De 
( « of I er Materia function-wear, de 


partment of Defense or other - Jatory fect propagation and anelasticity 


Langford KEARFOTT DIVISION 


lenyth about y 


and past work. D GENERAL PRECISION, INC. 


f papers written or 





l be appreciated 


Dept. 3A* 1150 McBride Ave. « Little Falls, New Jersey 


urned, if desired. An Equal Opportunity Employer 
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Facts and figures everywhere ... 
But how can you find what you need when you need it?' 


Information retrieval: 
What will it do for the chemical engineer?’ 


How can scientists keep up with science? 


{ you see these articles? They all point up the growing problem of classifying 
retrieving technical literature. Some of the solutions to this problem were 
bed in the Wall Street Journal, December 20, 1964.4 e The solution requires 
personnel, experienced in the use of libraries, having the ability to read 
inguages, and trained in the techniques of systematic literature searching 
¢ The Lowry-Preston Technical Abstracts Company offers three services directed 
towards easing the information retrieval problem: (1) Gas Chromatography Ab- 
stracting Service—abstracts are issued of all articles involving gas chromatography 
terature of every country. (2) Instrumentation Abstracts—abstracts are 
all articles dealing with laboratory and process instrumentation, as they 
Ippear all of the principal journals dealing with this subject. (3) Custom 
Literature and Patent Searching—searches are conducted on any subject, to 
ate and summarize the books, periodicals, patents, government reports, foreign 
naterial, etc., published on the subject 
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"Pesoj2ue y2ey> YUM ‘asey ajdoys ‘Buipjoy sayy 


Are you 
beside yourself 


because... 


your company is screaming for new 
applications, and 

you're fresh out of ideas, and 

you haven't been able to keep up with new 
developments, AND 

someone just walked off with the last 
available copy of Industrial Research? 


You can rid yourself of all these frustrations by 
subscribing for your own personal copy. 


Knowing and understanding new developments, 
new ideas, and new applications spells success 
in technical management, engineering, or re- 
search. And the key to this vital information is 
Industrial Research. 

Fill out the other side of this card and mail it, 
thereby guaranteeing continuous exposure to 
creative thinking. 
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COMING NEXT ISSUE 


GOVERNMENT 
RESEARCH—PART 2 


INCLUDING: How to Get Government R&D 
Contracts, Will the DOC Really Back Basic 
Research?, New Frontiers in Gas Turbines, The 
Thermal Energy of the Sea, and other features 


of interest to technical management. 


Fold here, staple with check enclosed, and mail. 


(Or, if you want to be billed later, tear off this portion, and mail.) 
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Please enter a subscription to Industrial Research: 


Cc 
° 
= 
a 
= 
S 
- 
2 
> 
- 
3 
@ 
c 


check enclosed 
bill me later 


PLEASE PRINT 
(COMPANY) _ 
(ADDRESS) 


(12 issues) 


O 3 years (36 issues) 
[) 2 years (24 issues) 


[) 1 year 


(Subscriptions solicited only from technical management men in industry and government.) 





ARROW 
VELOCITY 
MEASURED 
PRECISELY 





with 
Tektronix 


Sweep-Delay 


Oscilloscope Tektronix Instrumentation used at BEAR 


ARCHERY COMPANY, Grayling, Michigan— 
to display and record arrow velocity within one- 
half of one percent—includes a Type 535A 
Sweep-Delay Oscilloscope, a Type 181 Time- 
Mark Generator, a C-12 Trace-Recording 
Camera, auxiliary Preamplifier Plug-In Units, 
and a Scope-Mobile Cart. 





Tektronix, Inc. 


TEKTRONIX FIELD OFFICE 


ENGINEERING REPRESENTATIVES 
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of processes and products, 
of ideas and industries 
men more than money, 
maifOM tis well as initiative. 
MeohMeut creative men 

to be done.” 

' new “ideas 

duc: with money 


} » ; a git epee S Pg 
Ve and with more than money— 


we pith sensitive appreciation for creative drive, 
with support in management and manpower, 
with loyalty to the idea 


and to its initiator, the creative man. 


wantaner AMERICAN RESEARCH 


vl it or process 


a new idea . el y ry ’ 
“== & DEVELOPMENT CORP. 


stablishment of 
wi son Pioneer in New Venture Capital Traditions 


ft an existing one 


is at THE JOHN HANCOCK BUILDING © BOSTON 16, MASSACHUSETTS 








